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THE MECHANICAL PROCESSES IN INTRODUCTORY 
CALCULUS AND ANALYTICAL GEOMETRY. 


By BLANDENA C, CovurILLARD, 
('niversity of Maine, Orono, Maine. 

“A mechanical process is one which should be done more 
through habit obtained by sufficient practice than through a 
train of reasoning. An example of this would be simple factoring.” 
Definition given by Prof. Bryan of University of Maine.! 

This report consists of a series of discussions, questions and 
answers which cover rather fully an eighteen week course in the 
fundamentals of introductory calculus and Analytical geometry. 
When these tests were first given the text book used by the class 
was “An Introduction to Calculus’ by Longley and Wilson. 
These tests, however, are not those which would pertain distinctly 
to this text book but could be used to test the mechanical pro- 
cesses of the subjects as they might appear in any up-to-date 
text book. As is shown by the definition of the mechanical 
processes these tests are solely for the purpose of testing the 
fundamental facts of a like course. 

In this course a brief space is at first devoted to the necessary 
prerequisites in analytical geometry before studying the calculus. 

In the different chapters there are different numbers of ques- 
tions in the sets, but practically all sets have either twenty or 
twenty-five questions. The scope is so much greater in some 
subjects than in others that it is impossible to limit the number 
of questions 

In all these tests the greatest possible heed was taken not to 
repeat a question which tested an identical principle that had 
been tested before. Each example has some small difference 
which makes it stand out as a separate process. 

Some of the objects of testing the mechanical processes are: 

1!) To measure the standing and progress of pupils from time 
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oO time, 
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TESTS IN CALCULUS 


equation of the line with the z interce pt equal to 2 a 


tercept equal to 3? 
perpendicular in respect to one another. 
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For wnat value of p will the graph of y 2px pass through the poin 
(16, 4)? 

Plot by factoring the loci of y2+5y—6 = 0. 

Find the equation of the locus of a point equidistant from (3, 2 
6, —2). 


Find the equation of the circle, the center (9, 0) and the radius 9 

Find the equation of the loeus of a point equidistant from the lin 
y = 6 and the point (3, 0). 

Find the locus of a point if its distanee from the point { 
always twice its distance from the point (2, 0). 


2 


Find the equation of the locus of a point equidistant from the | 
r 0 and the point Pp, OV). 

Find the equation of the circle having radius r and center 

Find the points of intersection of the curves z?+7*? =16 and y 6 

Find the points of intersection of the curves y = and j 

Plot the system of curves whose equation is x*+y? 


Plot on the same axes 3 curves of the system whose equatioz 
“See 


1? r. 
Plot the graph of 
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Answers. 





1. Substitute. If = Oandy = 0 9. See Fig. 8. 
then 12 = 0 which is false. 10. 6r—Sy = 27 
Hence the graph does not Ill. 2?—1lSr+,7* = 0 
pass through the origin. 12. 2?—627+12y = 27 
2. See Fig. 4. 13. z*?+y?-—8zr = 0 
3. See Fig. 5. 14. y? = 2pr—p ; 
4. See Fig. 6. 14. (x—h)*+(y—k)? = r* 
5. See Fig. 7. 16. (2, f12) (2, —vV12 
6. Curve is symmetrical with re- 17. (2,1) (-2,1 
‘@ spect to the origin 18. See Fig. 9. 
7. 4% 8 19. See Fig. 10. 
8. p 1/8 20. See Fig. 11. 
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III. Srtope AND DERIVATIVE. 


The work in this topic deals with the necessary prerequisites 
for the undertaking of differentiation by formulas. It gives an 
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idea of the development and scope of the subject. TI 


of finding a derivative is applicable In theory to any 
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IV. DIFFERENTIATIONS OF ALGEBRAIC FUNCTION 


This topie deals primarily with the finding of derivat 
certain set formulas. The derivation of such formulas is 
and much practice is given In handling them. The 


given in this chapter for differentiation are as follows 


l did 6. d/datt 
a & 0 = d / 
4. d/daz 
; l S. dy/da dy/4,° 
j i+ lu/d Q. d/dxrlu num 


5 a/aaz d iad +f au | 10. dud | da 
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Test 
Kind 
‘ r4 1. y l I 
2 \ >. ¥ ! ic when | 
y 6 / 1S 
By product formul exs. 7 —9 find v/a 
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- ) 
-\ 
t t) ‘ 13 2 2 I 
o 
> ) 
ev é 
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V. MaximuM AND MINIMUM VALUEs. 


The work of the first four chapters has been mainly geometrical 
but now comes the applications of these subjects in a way which 
is not primarily geometrical. It is now possible by the previous 
study of differentiation to find the maximum and minimum 
values of equations. 

Test. 


l. Expre ss the area of a square as a function of its diagonal. 


2. In a class numbering 50, the grades were distributed as follows 
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Grade 95 90 85 80 75 70 6 60 55 50 
Number 1 2 6 y 5 10 6 j } 3 
Exhibit this graphically. 
3. Is y = x/(1+2?) inereasing or decreasing for x — 0 and 2? 
4. For what values of z is the following function increasing 3 
5. In the following equation, determine the values of the independent 














variable for which the function is increasing and those for which 
it is decreasing. 
22? —5r +6 0. 
6. Examine y 52 +3 for maximum and minimum values 
7. Draw the grap h for number 6. 
8. Examine y 32° +6 2 for maximum and minimum values 
9. Find two seas rs Whose sum is 20 such that the sum of their square 
isa minimum. (Method must show truth of result. 
10. A piece of wire of length 20 inches is bent into a rectangle, one side of 
which is x. Find the value of z that will give a maximum area 
1) 
1. d?/2 
2. See Fig. 12. 
3. Inereasing for 0. Decreasing for 2 
4. Increasing for all values of x between land +1 
5. Inereasing when x<2. Decreasing when r>3 1/5 
6. Minimum (5/2 13/4 
7. See Fig. 13. 
S. No maximum or minimun Increasing stead 
+8] 10. 10 
10 7 
. y 
r 
A 
> 
J 
4 
3 
. oN 
rd r c . ’ ? 7 ry — 
Fria 72 FiG 
VI. INDEFINITE INTEGRALS. CONSTANT OF INTEGRATION. 


DEFINITE INTEGRALS. 


After a brief study of differentiation the next step forward 
to be taken is the study of integration. As in differentiation 
there are certain formulas of importance which appear at this 
stage of the work. They are as follows: 


2: {du = u+¢ 
([/ r)+g (x | dx = (jf x) dx +fy 


A fa du=a (du 
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° u" +1 ; 
}. pu” du = — +cifn # —-1 
, n+] 

In this type the pupils get a clear idea of simple indefinite 
integrals, constant of integration, and definite integrals. There 
is much practice in using formulas in all these. 

Test. 
Integrate: 
70 2'dz 
(624 +52? +42 sx +2)dx 
6/x*\dzx 
(6x)' dx 
(62? +42 +6/27)da 
». (x—5)' dz 


moO = 


7 


—-* 


7. rdz/(25 —2x?)! 
8. (32/x')dx 
9. (32 —2)'dzr 


Integrate by substitution: 
10. rdx/(3+2)! 
ll. r(5—2)' dx 
12 a-t bx ‘ dx 
In problems (13. 14) find the function whose differential is given and 
which satisfies the given initial conditions. 
13. ds = (@—2th)dt;s = 7 whent = 0. 
14. dy . a dx; y = 2whenz = 1. Find value of y whenz = —l. 
[In problems (15, 16) find the equations of the curve which has the given 
slope at every point and which passes through the given point. 
15. dy/dx = (ry) (1, 1) 
16. dy/da x/(x?+4)*: (0, 2 
17. Find the system of curves defined by dy/dz = 3x/y. 
Find the value of the following between the limits stated: 
IS. 2'/3dz; x landaz S. 


19. dt/(4—t)!; a Qandz = 3. 

20. rdx/(2x+5)!; 2 —2andz 2. 

21. Find the area bounded by the curve y x* and the lines x 0 and 

3 

1 4 

22. Find the area bounded by the curve r+y = 10, and the y —axis and 
the lines y 2and y = 3. 

23. Find the area bounded by y = 4—2? and the z—axis. 

24. Find the area bounded by the parabola y*? = 4z and the line y = gz. 

25. Evaluate the definite integral of z(a—zx)'dzxr between the limits 
x = Oand 2 a. 

{nswers. 

lL. 70r*/6+< 13. s = 1/3 8-4/3 8°47 

2. 6/5 2$4+5/4 24+4/3 2'+3/2 
r2 +27 +¢ l4.y=4 

3. 6/5 2 +¢ 15. 3V/y = 2 +2 

$. 2/3 rV/6xr + 16. y = (x?+4)! 

5. 2 r§+227?-—6 17. y—32? = « 

6. 2/3 (x—5) 3/2 + 18. 11 1/4 

7 25 —x?)*§ +¢ 19. 2 

8S. 223 /2+<¢ 20. —2/3 

9. 1/12 (32 —2)* + 21. 64/3 

10. 2/3 (34+27)3 2-6 (34+2)'+¢e 22. 15/2 

ll. 2/5 (6—27)§5/—10/3 (5—27)'2+e 23. 16/3 
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In concluding this report there is to be a tabulation showing: 
1. The number of examples done by each individual in each set. 
2. The percentage of each individual in each set. 

3. An average percentage of all tests for each individual. 
These percentages do not represent grades, but are for the 


purpose of comparison. 


] I II III I\ \ VI Ay 
No.| Ni N Y No No N 
|} Righit Right Right Right Right Right 
| 

l 13 | 52 10 0 19 9 18 | oO 7 70 19 76 | 72 
2 12 4s 7 35 19 95 16 | SO 14 56 | 63 
; | 20 SO 17 Ss] 19 95 20 100 | 4 00 24 O68 90 
+ | 7 24 7 a5 16 80 14 70 5 0) ; 12 45 
5 | 7 35 12 60 | 13 65 4 40 s 34 46 
6 | 13 52 6 30 16 80 9 45 | 4 410 Q 16 47 
7/ 11 45 6 30 20 100 | 14 | 70 4 40 | 9 36 4 
8} 11] 45) 8 0] 16 | 80} 14 | 70 > | 50] 11 45 | 55 
0) 6 24 | sS 40 14 70 | 10 | 50 3 30 8 32 | 41 
10 12 48; 11 | 16 Sl 12 | 60 | ; 30 17 68 6} 
11 10 40; 12 60 19 5 | | ) 50 15 60 1 
12 | 9 36 S 10 18 90 | 12 60 | 5 w l4 o6 | 55 
13 | 13 61 18 oo | 18 90 s SO 15 60 76 
14 12 48 u 41 14 70 15 | 75 4 30 9 st eh 
15 | ll 45 12 60 18 90 ‘ 60 13 2 61 
16 14 70 18 90 7 70 18 72 |. 75 
17 4 36 12 60 l 75 19 95 ' 40 13 52 | 60 
18 ) 25 19 95 18 | 00 ; 30 12 48 8 
19} 17 68 | 1l 51 19 95 17 85 s 80 14 6173 
20 gs | 321 14 70 19 hy 11 3 0) s 2 1) 
21 15 | 60 | 14 70 1s 90 20 100 9 OO 14 4} 7s 
22 | y 36; 14 70 17 85 19 1 95 7 70 17 68 71 
23; 16 64 ' 13 61 l 75 15 | 75 7 70 ) r 64 


JUPITER CHANGES ASPECT. 


{temarkable changes on the surface of Jupiter, as seen through the tele- 
scope, have occurred since June 1, declares FE. C Slipher, of the Lowell 
Observatory, prominent 
principally in the planet’s southern hemisphere, almost all of which has 
been affected, chiefly the broad belts which normally surround the planet, 


parallel to the equator, something like the zones on a terrestrial globe 


planetary observet These have taken place 


“The south tropical belt, which was broad and prominent in 1925 and 
earlier, has almost disappeared during the last two motnhs,”’ says Mr. Sli- 
pher, ‘“‘and now that part of the planet is covered by a broad bright belt 
which is slightly brighter than the equatorial bright belt 

Another change has affected the “Great Red Spot This first ap- 
peared in 1878 when it was about 25,000 miles long and 8,700 miles wide 
At first it had a distinet reddish color, but this later faded out \ceord- 
ing to Mr. Slipher, it now appears to show considerable color again, 
being decidedly pink, instead of the neutral gray that it has been in 
recent years. 

“Tt is of interest to note,” he says, “that in 1919 a change swept over 
the same region of Jupiter producing sensibly the same changes that have 
oceurred in the present disturbance, and later the dark belts re ippeared 
in much the same form and position that they formerly possessed.” 
Jupiter can now be seen as a brilliant star in the southern evening sky. 


—-Science Service. 





SCIENCE INSTRUCTION 931 


A PRELIMINARY REPORT ON THE PROGRESS AND ENCOUR- 
AGEMENT OF SCIENCE INSTRUCTION IN AMERICAN 
COLLEGES AND UNIVERSITIES, 1912-22.* 


By N. M. Grier, 
Des Moines University. 
Coneluded) 
TaBLeE I. Gain orn Loss IN ScrENCE REGISTRATION BY DEPARTMENTS. 


in 





a a ele S 
; (CS ; ££ F wee ey 
Pp £ £ $ g & oe ees 
3 oe eee aes Lt | 
¢ 2 €& gS Se 38 33 Ze =. f= 
Ss 60Os gh «oh ot CECE SS ast i: 
a  ¢ 22 28 SEse Bs eS 25% set 
S. 
All N.E.M.C.I. N.E.W.C. 
Biology 35 16 IS l 5 5 0 N. : 
All 
Chemistry 37 22 15 0) 8 } 0 W. N 
N.E.M.C.I 
N.E.W.C. 
Ss 
All W. 
Physics 35 16 ly 2 8 2 2 S N 
N.E.W.C. N.E.M.C.I 
All N.E.M.C.I. 
Geology 23 9 13 l } 3 0 N.E. W.C. N. 
W. S. 
Astronomy 21 7 10 t 3 2 3 W. N.E.M.C.I. 
N.E. W.C. S. 
N. 


IV. CONCLUSIONS. 


The preceding observations are conveniently summarized in 
Tables I and II. The conclusions now given must be considered 
as being limited by the amount of data the writer has been able 
to secure. 

1. The following sciences have been declining in enrollment 
at the majority of institutions studied, viz.: Astronomy, bio- 
logical sciences (including those of botany, zoology and physi- 
ology and hygiene), geological sciences (including physical and 
historical geology and physics). The question as to whether 
the loss of enrollment in these sciences at certain institutions is 
compensated for by the gain at others is best answered by the 
reader’s study of the accompanying graphs. 

2. The following sciences have increased in enrollment 
at the majority of institutions studied, viz., chemical sciences 


*Cjraphs drawn by Mr. Kenneth Simonds, Dartmouth, '26 
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TaBLE II. Gartn or Loss IN ScrENCE REGISTRATION BY SUBJEC' 
E Z 28 28 2s BS BS BE £e% £33 
Zoology N W. 
(all N.E.M.C.] 
branches). 24 9 12 3 } 3 l S N.E.W.C 
Botany N.E.M.C.] 
(all W. 
branches 25 10 15 0 2 } 0 S N 
N.E.W.C 
Physiol W. N 
and Ss. N.E.M.C.] 
Hygiene 18 7 lO 3600 j tf oO N.E.W.C 
Gen. N.E.M.C 
Biology 17 9 7 I 2 2 @ S. N 
W. 
N.E.W.C 
Gen. 
Chem. 22 12 10 0 5 2 0 N.E.W.C N 
W. S 
M.E.M.C.! 
Gen. S 
Physics 21 13 7 l 5 l 0 N.E.W.C N.E.M.C 
N. W. 
P. and H. 
Geology 13 t 9 O l i 0) W. N 
N.E. W.¢ N.E. M.C.I 
uSouthern institutions show 1 hange. 


(including general chemistry) general physics, general biology 
The question as to whether the gain in enrollment in these sci- 
ences at certain institutions is balanced by the loss at others is 
best answered by the reader’s study of the accompanying graphs. 

3. It apparently follows from the preceding that the first year 
of biological, chemical and physical science is becoming increas- 
ingly popular with students, but for some reason within or with- 
out their control, these departments fail to hold students for 
advanced work in them. Possible reasons for this situation are 
cited in connection with the discussion of each subject. Judged 
by the proportion of increase and decrease in enrollment, the 
subjects in regard to popularity with students rank in the follow- 
ing order: general physics, general biology, general chemistry. 
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4. The decline in enrollment discussed in the first paragraph 
apparently parallels the situation in the secondary schools in the 
cases of the sciences of astronomy, geology (physiography), 
botany, zoology, and physiology. 

5. The increase in enrollment at the majority of instutions in 
the collegiate sciences of general biology, general physics and 
general chemistry is apparently paralleled by the increases in the 
corresponding courses in the secondary school. 

6. It must be the regret of all interested in the study of the 
enrollment statistics of colleges and universities that these in 
many cases are neither complete nor accessible; that the lack of 
a commonly accepted procedure in keeping them makes un- 
usually difficult, studies of value to the college administrator 
and the teachers themselves. This also seems to be the most 
convenient place to point out that the same criticisms may be 
directed in part toward the methods of keeping the financial 
statistics, although it is understood that there has been some 
attempt to standardize the procedure in this regard among 
college accountants. Of interest in connection is that fol- 
lowed at the University of Washington. Colleges and uni- 
versities might profitably copy some of the methods used for 
preserving and interpreting such data in the larger school sys- 
tems. There is a need for text-books dealing with the adminis- 
tration of these phases of higher education. 

7. The proportion of the total registration represented by 
that of the subjects dealt with in this paper is given in the follow- 
ing table. 


TasBLe III. PrRCENTAGE OF ENROLLMENT IN 1922. 


No 
Subject Institu- Min Mean Max. 

tions 
All Biology 35 3% 31.6% 81% 
Zoology 22 LY 10°; 33% 
Botany 27 1%, 8% 33% 
Physiology IS 1% 99, 28% 
Gen. Biology 17 1% 15% 36% 
All Chemistry 36 So 30° 70% 
Gen. Chemistry 22 5% 19% 41% 
All Physics 33 1% 16.8% 39% 
Gen. Physics 19 22% 13% 32% 
All Geology 27 22, 11% 43% 
Geology 14 29, 6° 23 % 
Astronomy 20 1g 4.3% 16% 


V. SUGGESTIONS AS TO CAUSES OF FActTs. 


These have been taken up in the order of the heading of each 
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subject discussed and in section VI of the paper dealing with the 
encouragement of science instruction. Little else can be sug- 
gested except that certain science subjects may be out of joint 
with the times, and may attain future success with greater or less 
modification of their present subject matter or in combination 
with other branches of learning as has been the case in sociology. 


VI. ScrENCE IN SOUTHERN WOMEN’S COLLEGES. 


It appears from the available statistics that enrollment in 
science courses at southern women’s colleges is increasing in the 
subjects of zoology, botany, physiology, physiology and hygiene, 
general biology, physics, and chemistry. This is in accord with 
the fact that increasing numbers of students of southern 
women’s colleges are preparing to enter the professions and 
occupations, which previously in the South were largely confined 
to men, and is also indicative of the South’s advance in the edu- 
cational fields. Physiology and hygiene and botany, old favor- 
ites in the curriculum of the southern women’s colleges still 
remain as such, but as compared with their sister colleges of New 
England, they show a greater proportionate gain in general 
biology, zoology, botany, physics, and chemistry, while interest 
in astronomy and geology seem to be increasing the most in New 
England women’s colleges. As compared with the two women’s 
colleges of the North for which data is available the gain in 
science registration is greater in the southern women’s colleges. 


VII. ENCOURAGEMENT OF SCIENCE INSTRUCTION IN AMERICAN 
COLLEGES AND UNIVERSITIES, 1912-22. 


Presumably if science instructors have the proper equipment, 
apparatus, and supplies for teaching their courses and carrying 
on the research so essential for the actively minded teacher, then 
the institution itself wiil have done all in its power to encourage 
the progress in enrollment for science study. The rest depends 
on the capability of the instructors, and these should not be mis- 
judged if any of these prerequisites are lacking. It follows that 
a convenient index for determining the encouragement given 
science instruction in colleges and universities might be obtained 
from the study of the appropriations granted their scientific de- 
partments over a period of years. Accordingly the same insti- 
tutions which had received questionnaires concerning their 
science enrollments were asked also to specify the amounts 
furnished their scientific departments for apparatus and equip- 
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ment. Twenty-two institutions responded in one way or another. 
For obvious reasons the names of these institutions are not given 
on the accompanying table, but are designated by their geo- 
graphical location instead. 

The results presented in table IV, were obtained in the follow- 
ing manner. The average yearly appropriation in the given 
science at a particular institution was calculated for the ten 
years 1912-22. Next the average yearly enrollment in the science 
was obtained similarly. The former divided by the latter gave 
the average yearly amount per student spent for apparatus and 
equipment in the institutions whose statistics were studied. 


It would be useless to pretend that such a method does not 
involve serious error from the standpoint of the college account- 
ant, yet, to individual science teachers who may watch their 
own deficient or liberal appropriations, the statistics cited will 
have their interest. In order, however, that the reader may 
fully have in mind considerations preventing too broad an in- 
terpretation of the data, the following are cited as possibly 
affecting its accuracy. 

1. Sums chargeable to equipment, and apparatus at some 
institutions may be accounted for under a different category 
elsewhere. Thus equipment such as tables and other furnishings 
may be considered as part of the charges accruing against a 
particular building rather than a department. In short there 
seems to be no system of procedure with regard to these practices 
in common usage among institutions. Hence the basis of com- 
parison among different institutions is not the same. To 
avoid any further confusion here, the questionnaire sent the 
institutions did not ask for the sums appropriated for sup- 
plies, since these would ordinarily be cared for by the laboratory 
fees of the student, or the money appropriated for such purposes 
returned as the students purchased them. It is possible, how- 
ever, that the information furnished the writer, as to the amounts 
appropriated in chemistry for equipment and apparatus include 
also appropriation for supplies. Apparently few college treas- 


urers keep separate accounts for them. 


Tr 


2. Sums reported to the writer as chargeable to supplies, 
equipment, and apparatus may include funds used for both 
research and teaching purposes, while only in the latter usage 
are they pertinent to the subject we are now discussing. In 
other cases, funds ostensibly set aside for teaching purposes may 
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be expended for research equipment. In this connection how- 
ever, it is well to remember that when financial grants are made 
for research purposes, such more often indicate that other de- 
mands have been satisfied, and according to best professional 
criteria reflect excellent teaching conditions. On the other hand 
it has often been said that many research scientists are not 
anxious to have a large number of students, a condition which 
will necessarily affect the enrollment in the sciences, and this is 
indicative of the fact that not all funds appropriated for a science 
work actively for its educational progress. 
3. In the case of at least one institution whose appropriations 
were thus analysed, fire destroyed some of the scientific labora- 
tories and these have had to be refitted absolutely anew, a cir- 
cumstance which would lend to increase the appropriation be- 
yond the normal amount they might require for efficient teach- 
ing. 

The above are only some of the factors which inhibit too broad 


+ 
\ 


e data presented, and indicate the diffi- 


generalizations from 
culty of forming an accurate idea as to the support given science 
instruction at institutions as a whole. 

If then, there are cases in which the teaching side of the sciences 
are unfairly treated by those in charge of them, there are others 
in which the blame is more equably placed on administrative 
authorities. For example, in many institutions laboratory fees 
are collected to provide for the costs of materials used by the 
student, or even ostensibly for the wear and tear on the labo- 
ratory and its apparatus Sometimes these may not only be out 
of proportion to the actual outlay caused by the conditions they 
are supposed to meet, but in addition they may revert to the 
general fund of the institution rather than to the credit of the 
department which has caused them to be collected. The teach- 
ing staff then must take its chances about getting them back in 
equivalent appropriations. The better institutions are tending 
to eliminate laboratory fees as such, and make other provisions 
for the situation they were intended to meet. 

For the above reasons the writer prefers to leave the interpre- 
tation of the table on financial statistics to the teachers and ad- 
ministrative officers in whose hands the article falls as having 
the most significance when compared with their own data under 
their own special conditions. However, it may be in place to 
dwell shortly on the facts shown by the analysis of these financial 
statistics as brought out in the shorter following table 
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It is first remarked that the writer has some evidence one way 
or another of a research atmosphere at those institutions where 
appropriation is above the given average for the particular 
science, especially for those institutions approaching the maxi- 
mum cited. However, he is unable to state positively that the 
converse is true of all those institutions below the average and 
approaching the minimum. The next comments affect the 
biological sciences with which the writer is most familiar. His 
personal estimate is that if the average of $6.36 shown by the 
table represents the sum devoted to the purchase of apparatus 
and equipment such is at best only a fair amount when one con- 
siders the necessity of replacing worn out microscopic equip- 
ment, the needs of the biological museum, and illustrative ma- 
terial for teaching purposes. If, as is probably its case with 
much of the data, the sum should also provide for expendable 
materials used in class work, it is far from being sufficient to pro- 
vide the instructor with the best aid for teaching his science, 
even if the instructor saves some of the cost by collecting his own 
material. If the laboratory fees which may be collected do not 
revert immediately to the credit of the department, it takes but 
a comparatively short time for the laboratory to go down hill. 
Finally, when a biology department is compelled to get on with 
much less than that amount as indicated in the minimum, serious 
doubts must arise as to whether the instruction is fulfilling ac- 
ceptably the spirit of the requiiements of this science for pro- 
fessional schools. Such a point might also be raised in connec- 
tion with physics and chemistry by those more qualified to judge. 

The next table, V, concerns an attempt to correlate increasing 
or decreasing enrollments in science with the amounts of appro- 
priation given. Within the limits of these statistics as already 
emphasized, the amount of appropriation granted in biology 
has little effect either way in affecting the enrollment in that 
science. Perhaps liberal appropriations might be construed as 
favoring an increasing enrollment, but one factor affecting the 
situation is that of the encouragement given research rather than 
teaching in certain institutions. 

In the case of physics and chemistry, kains in enrollment are 
correlated with greater appropriations, but in chemistry alone 
more institutions which had less than the average appropriation 
show a gain rather than a loss. This is possibly attributable 
both to the keen interest in teaching problems which chemists 
are beginning to show as well as the greater public interest in 
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chemistry than any other science. The remaining sciences, 
geology and astronomy consistently show losses regardless of 
the appropriation granted. Factors possibly causing this situa- 
tion have already been discussed in the preceding pages of this 





paper. 
TABLE V APPROPRIATIONS—APPARATUS AND EQuIPMENT ONLY 
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UNITED STATES LEADS FRANCE IN PER CAPITA USE OF 


ELECTRICITY. 

Interesting figures comparing the production of electricity in the 
United States and France are shown in a statement just issued by the 
Geological Survey of the Department of the Interior According to a 
report recently published by the French Minister of Publie Works, the 
amount of electricity produced for distribution in France in 1923 was 
7,490,000,000 kilowatt-hours Public-utility plants in the United 
States in 1923 produced 55,674,000,000 kilowatt-hours, about 7 1-2 times 
the total amount produced in France The population of France in 
1923 was about one-third that of the United States About 46 per cent 
of the French output was produced by the use of water power, but or 
35 per cent of the output in the United States was so produced Phe 
per capita use of electricity in France in 1923 was about 200 kilowat 
hours; in the United States it was about 515 kilowatt-hours, or moré 
than 2 1-2 times as much as in France These figures include eleetricit 
imported to each country 

The potential Water-power resources Of the United States available 


90 per cent of the time amount to about 35,000,000 horsepower, and the 
capacity of water wheels of all sizes installed in water-power plants in 
1923 was 10,000,000 horsepower France with potential water-power 
resources amounting to only 5,400,000 horsepower, had water wheels with 
a capacity of 2,100,000 horsepower installed in water-power plants in 


; ; 


1923 Taking into considerat 
the two countries, France in 1923 was making much better uss 


ion the relative water-powel! resources oO 


of he 


water-power resources than the United States science Service 
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HOW TO MAKE HIGH SCHOOL ZOOLOGY MORE ATTRAC- 
TIVE TO THE STUDENT. 


By Amer M. BALLEw, 
Austin High School, Chicago. 


In a recent survey made by Dr. Counts! of the curriculum 
offerings of fifteen representative cities of United States, it was 
brought out that the biological sciences occupy an inferior posi- 
tion at the present time. ; 

In regard to zoology, Dr. Counts found that the emphasis was 
placed on structure and classification of animals. Human 
interest as opposed to scientific interest received comparatively 
little consideration. 

The reasons for emphasis upon structure and classification 
can be accounted for largely by the type of training received in 
the colleges and the organization of most zoology textbooks. 

The newer and more usable textbooks have been written for 
“a course in biology. In zoology two of the more widely used 
texts were written in 1906 and 1913. It is evident that the 
zoology textbooks are not well adapted to the changing con- 
ceptions of education. 

We have made much progress in the science of education in 
the past twenty years. We are beginning to analyze the child’s 
interests and to adapt the curriculum to those interests. We 
are getting away from the idea that material which is difficult 
and distasteful to the child should be mastered for its mental 
discipline. 

All teachers of biological sciences should deplore the fact that 
their subject occupies an inferior position in the senior high 
school curriculum. It certainly cannot be said that the subject 
matter of the biological sciences is of less value than that of the 
physical sciences. 

It would seem fair to assume that most of the biological 
courses as taught at present lack human interest. The materials 
are organized about the interest of scientists rather than about 
the interests of high school boys and girls or of ordinary persons. 
It should be possible for teachers to correct this situation by 
conscious effort in spite of the type of training offered by col- 
leges and the organization of most textbooks. 

In the Austin High School we offer a vear of zoology as an 


Counts, G. 8., The Senior High School Curriculum, University of Chicago Supplementary 
Educational Monograph, 1026 
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elective for the three upper classes of students. The writer has 
long been dissatisfied with the type of material in most zoology 
textbooks and has spent considerable time in organizing the 
course so that it might appeal to the human interests of students 
and give them some useful material concerning the animal world. 

In order to determine whether the course was really proving 
interesting and enjoyable to the students the writer recently gave 
out a questionnaire to all of his classes that had finished one 
semestel of vertebrate zoology. 

It should be stated that in the Austin High School we attempt 
to have as many living animals in the laboratory as possible. 
These are taken care of largely by the students and come to be 
regarded as pets by the various classes. This is one of the best 
ways of appealing to student interests. 

Considerable time is spent on birds. They are studied by 
means of bird skins and bird guides. This work is supplemented 
by lantern slides. 

We have collected considerable usable reference material for 


use in the laboratory. Reports are given by students on topics 
in which they are interested. These reports are given about 
topics which will stimulate class interest and discussion. The 


care of pets never fails to prove interesting and practical to most 


TABLE I. 


Subjects selected by Pupils as V ost I ntere sting 


Subject Boys Girls Total 
Fish 5 3 S 
Amphibia | 0 | 
Reptiles 3 10 | Ls 
Birds 10) IS 2s 
Mammals 19 1] 0) 
Historic il Dy ve lopme nt } l > 
Total 12 $5 SO 

TABLE I] 
Reports selected by Pupils a V ost I ntere sling 

he port Boys Girls Total 
Goldfish 2 2 i 
Geological Pe riods 5 } ‘) 
Snakes ) 6 1] 
Bird Migration 3 i d 
Mammals 7 6 13 
Dogs 7 6 13 
Horses 5 j y 
Gorilla-Chimpanzes 5s | ll 19 


Total 42 13 R5 
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TsBue IIT. 
N nile ol Pupils Who Enjoued Subject of Zoolog I 


Boys Girls a Total — 
Yes No | Yes | No Yes No 
| 38 11 | 2 79 | 6 


TABLE IV. 
Re asons for Not Liking Zooloay 


Reason Boys Girls Total 
Geological Periods Too Difficult l 0 l 
Too Much Writing ] 0 l 
Way the Subject is Dealt With | 0) l 
Too Much Work l 0) l 
Did Not Like Science 0 l 1 
Useless Subject 0 l l 

Total j 9 6 

TABLE V. 
Changes Pupils Would Like to Have Made in the Cou 
Boys Girls lot | 

Fewer Drawings and Notes + ] 15 
More Time on Specimens 1 7 11 
More Class Trips 7) 2 7 
Less Time on Birds l l 2 
More Time on Lower Primates l 0 l 
Dissection } 2 6 
No Changes 10 s IS 
Have More Periods l 0) ] 
Moving Pictures of Animal Life l 0) l 
More Time on Mammals 2 l 3 
More Study of Animals of Chicago District | | 2 
Class Work Out Exercises Together l l y 
Have Laboratory Work Once a Week 2 l 3 
Omit Laboratory Work 2 2 | 
More About Habits and Life l 0 l 
Leave Out Historical Development 0 2 2 
Omit Study of Snakes 0) | | 
More About Development of Human Races () l l 
More Reports () > o 
More About Internal Organs 0 l l 

Total 1. 13 RH 


students. It is surprising how many city people have pets of 
various kinds. 

We have no dissection. It is believed that the little knowl- 
edge of structure that is needed can be obtained better from good 
charts and models. Dissection is repulsive to most girls and 
tends to destroy their interest in the subject. 

Tables I to VII inclusive represent the tabulation of replies 
of the students to the various questions of the questionnaire. 
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TaBLeE VI 
Has a Study of Zoology Changed Your Attitude Towards Animals? 
Bovs Girls otal 


Yes. No Yes No Yes No 
34 & 1) 3 74 1] 


TABLE VII 
Ways in Which Study of Zoology Has Changed Pupil’s Attitude Towards 


i acesals 

Boys Girls Total 
Less Fear of Snakes 2 11 13 
Ability to Recognize Birds 2 0 2 
Knowledge of Animal Habits 7 5 12 
Economic Value of Animals = 0 7 
More Friendship Towards Animals S 12 20 
Appreciation of Primates l 0 I 
Identification of Animals 2 2 i 
Appreciation of Evolution ! 2 6 
Superstitions Concerning Animals 6 S 14 

Total 34 10) 74 


Some of the more important conclusions derived as a result of 


this study are as follows 


1. The pupils are most interested in mammals, birds, and reptiles 
They are least interested in the historical development of zoology, fish, 
and amphibia. 

2. The reports which proved most interesting were, gorilla, chimpan- 
zee, dogs, mammals and snakes 

3. Six students out of eighty-five did not like zoology. Four were boys 


and two girls 

4. Some changes suggested by the students were, fewer drawings and 
notes, and more time on specimens. These are well worthy the considera- 
tion of every teacher 
5. Seventy-four stated that the study of zoology had changed their 
attitude towards animals It should be noted that out of the eleven who 
answered in the negative many stated that they already had a love for 


animals. 

6. Some of the more important changes in attitudes towards animals 
were: less fear of snakes, knowledge of animal habits, more friendship 
towards animals, and a knowledge of superstitions concerning animals 
These attitudes should certainly represent some practical objectives for 
high school zoology 

This investigation has brought to light several things which 
the writer will attempt to remedy in his course. It is believed 
that a study of this kind is well worth the time and effort of 
every science teacher. It is not always safe to trust our adult 
judgment in the selection of subject matter as expert as we often 
think that it is. Student analysis will help us to adapt the 
subject of zoology to the interests and capacities of our students. 
The enlightening frankness of the replies to a questionnaire of 
this nature will prove a stimulus to every real teacher. 
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A PROBLEM AND SOME UNEXPECTED ANSWERS. 
By WILHELM SEGERBLOM, 
Phillips Exeter Acade my, Exeter. N. H. 

To amuse my second year chemistry class which had a little 
knowledge of Qualitative Analysis, I recently gave out the fol- 
lowing problem on alum for outside study. The answers passed 
in showed considerable ingenuity on the part on the students. It 
therefore seemed worth while submitting it for publication in 
case any other teachers might care to try it on their classes. 

Problem: Crystallized potash alum, K.SO,.Al,(SO,);.24H,0O, 
is made by evaporating a solution containing alum. This solu- 
tion is made by mixing a solution containing potassium sulfate 
with a solution containing aluminium sulfate, the weights of the 
salts taken being in the proportion of their molecular weights. 
Outline a method for starting with erystallized potash alum, 
dissolving it in water, and then separating the two sulfates from 
each other so as to get in one dish dry crystallized potassium 
sulfate, K.SO,, and in another dish dry crystallized aluminium 
sulfate, Al.(SO,),.18H.O. Write equations wherever possible. 

Solution No. 1. Only one student passed in the solution ex- 
pected, which was substantially as follows: 

1) Dissolve the crystallized potash alum in water. 

2) Add ammonium hydroxide to complete precipitation, but 
not In excess. 

3) K.SO, Al. (S0,),.24H,O+6 N H.OH = 2A10,H,+ KSO,4 
3(NH,).SO,. 

1) Filter; dissolve the precipitated aluminium hydroxide in 
dilute sulfuric acid. 

5) 2AlO,H;+3H,.S80,= AlL,(SO,),;+6H,.0 

6) Evaporate to crystallization 

7) AL(SO),+18H.O = AL(SO,) ;.18H.O. 

8) The filtrate from (4) contains potassium sulfate and am- 
monium sulfate in solution. Evaporate this filtrate to dryness. 
Any possible excess of ammonium hydroxide goes off with the 
steam. 

9) Heat the residue till the ammonium sulfate has volatilized 
off as white fumes. 

10) Dissolve the residual potassium sulfate in water and 
evaporate to crystallization. 

11) The crystals consist of K.SO,. expose them to warm air 


to dry them 
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Solution No. 2. The majority of the class attempted to 
separate the aluminium from the potassium by adding potassium 
hydroxide to precipitate aluminium hydroxide. Most of these 
neglected to take the precaution to avoid an excess .of the po- 
tassium hydroxide in which the precipitate is soluble. Three 
members got around this difficulty by first calculating the 
exact amount of potassium hydroxide necessary to precipitate 
the aluminium. One student expressed it substantially as fol- 
lows: 

1) Let x equal the number of grams of alum used. 

2) The amount of aluminium sulfate used equals 


molecular weight Al.(SO, 342 
oo . mage = J 0.362 
molecular weight Alum 948 


3) Let y equal the number of grams of potassium hydroxide 
needed to react with 0.362 grams of aluminium sulfate. This 
comes out 0.355 grams. 

1) Dissolve 0.355 grams of potassium hydroxide in water and 


add it to a solution of x grams of alum in water. 


5) KSO,.AlL(SO,);+6KOH t{KSO,+2Al(0H 
6) Filter. Evaporate the filtrate to crystallization to get 
the potassium sulfate. Dissolve the precipitate in sulfuric 


acid and exaporate to crystallization. 

Solution No. 3. Three students worked out the following 
method: 

1) To a solution of alum in water add barium hydroxide 
solution and filter. The precipitate will contain barium sulfate 
and aluminium hydroxide. The filtrate will contain potassium 
hydroxide, and any excess of barium hydroxide. 

2) K.SO,.AL(SO,);+4Ba0O,H, =4BaSO0,4+2Al10,H;+2KOH 

3) The filtrate may be neutralized with sulfuric acid, the 
barium sulfate made from the barium hydroxide filtered off, and 
the filtrate containing potassium sulfate evaporated to erystalli- 
zation. 

1) The original precipitate treated with sulfuric acid will 
give aluminium sulfate in solution, from which solution the 
crystallized salt may be obtained by evaporation. 

5) BaSO,+2A10.,H,+3H.SO, = BaSO,+ AL, (SO,),+6H.0. 

Solution No. 4. One student devised the following method: 

1) Add ammonium sulfide and filter off the precipitated 
aluminium hydroxide. 

2) K.SO, AL(SO,),4+3(N H,).S+6H,0 = K.SO,4+3(NH,) SO 


+ 2AIO.H,+3H.S. 
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3) Add sulfuric acid to the precipitate till it dissolves, and 
crystallize the aluminium sulfate. 

4) Heat the filtrate to drive off the ammonium sulfide. Then 
heat it above 378° to break up the ammonium sulfate. Potassium 
sulfate is left. 


A SUCCESSFUL BUSINESS. 


By Hetena Lorenz WILLIAMS. 


An undeniably suecessful venture in publie service is the Christmas 
seal sale which is held annually throughout the country and which 
is again before us. Like all big business enterprises, its growth is due to 
the commonly prescribed rules for suecess; namely, vision, hard work, 
thrift, and giving the publie what it wants 

Within twenty years this undertaking, which is the chief support of 
the national, state and local tuberculosis associations of the United 
States, has developed from a $3,000 business to one whose gross receipts 
in 1925 were approximately $4,900,000. From a tiny hospital for tuber- 
culosis patients in Delaware which was financed by the first $3,000 in 
1907, it has become the means for creating a network of sanatoria, hos- 
pitals, open air schools, clinies, and other publie health activities that 
preteet the American people against what was once known as the Great 
White Plague 

According to the National Tuberculosis Association, the mother of 
this gigantic movement, the Christmas seal sale finances approximately 
1500 state and local organizations besides the National Association. 
The united efforts of these have resulted in the establishment of 700 
sanatoria and hospitals, with nearly 70,000 beds for tuberculosis patients; 
more than 1000 open air schools; nearly 12,000 public health nurses; and 
over 600 elinies. In addition, children’s ¢amps and preventoria, nu- 
trition Classes and numerous special Campaigns such as Baby Weeks, 
(nti-Spitting and Open Window campaigns are made possible by these 
little penny stickers 

All but 5 per cent of seal sale money is spent in the communities where 
it is raised The 5 per cent goes to the national body which acts as a 
clearing house for information, supplies, leadership, research and expert 
service for its affiliated organizations, and for the other allied institutions 
and agencies 

Altogether, the record of the tuberculosis Christmas seal inspires the 
confidence and continued patronage of its millions of supporters 


CLOSEST TO NOTHING. 


\ new approach to absolute nothing, a vacuum so nearly complete 
that only enough free gas is left in it to cause a pressure of one billionth 
of a millimeter of mereury, or approximately one fifty-billionth of a 
pound per square inch, was reported by a woman scientist of Vienna, 
Mme. Anna Sechiermann. The usual procedure in obtaining high vae- 
uums is to introduce specially prepared carbon, which absorbs the rem- 
nants of the gasses not removed by the powerful air pumps For this 
carbon Mme. Schiermann substituted tungsten filaments, whieh proved 
much more efficient Science Service 
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CENTER OF MASS—A SIMPLE AUTOMOBILE PROBLEM. 
By Wo. S. FRANKLIN, 


Massachusetts Institute of Technology. 


Imagine a body to be acted on by one force only. Of course 
this single force may be the resultant of all the forces which do 
act on the body. Under what conditions does this single force 
produce pure translatory motion? The answer is, when the line 
of action of the single force passes through the center of mass 
of the body. This statement should, however, be inverted: 
it 78 better to define the cente of MASS of a body as the po nt at which 
a single force must be applied the point through the line of action 
of any single force must pass) if the single force is to produce pure 
translatory motion 


This statement Is somewhat difficult to illustrate experiment- 
ally because it is almost impossible to devise an arrangement in 


which only one force acts on a body. A stick is held loosely in 


one hand, struck sharply with a hammer, and allowed to fall. 
The force exerted on the stick by the hammer is, while it lasts, 


so large that all other forces exerted*on the stick the force 


exerted on the stick by the supporting hand and the force exerted 
on the stick by gravity are negligible in comparison. Therefore, 
the force exerted on the stick by the hammer may be thought of 
as the only force acting on the stick. This foree may produce a 
combination of translatory and rotary motionas in Figs. 1 and 3, 
or it may produce pure translatory motion as in Fig. 2. The 


2 > represents the large momentary 


arrow F in Figs. 1, 2 and 


c pater affeun r+) 
My —M 
F. iF \F 
) 
Fia. 1 Fic. 2 Fic. 3. 


force exerted on the stick by the hammer, and when pure trans- 
latory motion is imparted to the stick the line of this arrow passes 
through the center of mass of the stick. The dotted lines show 
the positions of the stick a very short time after it is struck by 


the hammer and released by the hand. 
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Take hold of a long slim stick at its middle (at its center 
of mass), using thumb and forefinger, and move the stick up and 
down and to and fro in any complicated manner whatever, 
but without turning the stick. This motion is pure translation. 
Closing one’s eyes, it feels as if one had a very heavy piece of 
lead between thumb and forefinger, that is to say, the material 
of the stick seems to be concentrated between thumb and fore- 
finger (at the center of mass of the stick); but if one twirls the 
stick even to a very slight extent it no longer feels like a piece of 
lead between thumb and forefinger! This experiment must be 
tried to be appreciated, and it means that a body performing 
pure translatory motion behaves as if all of the material of the body 
were concentrated at its center of mass. 

Center of mass and center of gravity are coincident. The 
center of gravity of a body is the point of application of the single 
force G which is the equivalent of (the resultant of) all the forces 
with which gravity pulls on the various parts of a body, and the 
observation that a body is never set rotating when it is let fall 
except because of forces due to air friction which we are sup- 
posing to be non-existent) shows that the force G is also applied 
at the center of mass of the body in accordance with the above 


definition. 


THE PROBLEM OF THE STARTING AUTOMOBILE. 


A 3200-pound (100-slug') automobile with its center of mass 
C located as shown in Fig. 4 is started on a level road with a for- 
ward acceleration of 6 feet per second per second. Find the trac- 
tive force F and the vertical pushes G and H of ground on front 
and rear wheels respectively. The friction at the hubs of the 
front wheels is to be neglected, and the torques required to set 
the wheels rotating are assumed to be very small and, therefore, 
negligible. 

1) The vertical forces which act on the automobile are bal- 
anced because the automobile has no vertical acceleration. There- 
fore, we have 

mg G+H 1) 


2) Look at an automobile standing still on a level road. 


Look at the car a moment later and it is seen to be moving for- 


tWhen force is expressed in pull-pounds and acceleration in feet per second, per second, then 
mass must be expressed in slugs if we are to use the simple equation F = ma, the slug being the 
amount of material that would be accelerated at the rate of one foot per sec. per sec. by an un- 
balanced force of one pull-pound. Mass in sugar-pounds must be divided by the pure number 
32.1740 to reduce to slugs. It is usually sufficiently accurate to divide by the pure number 32 
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wards. What pushed forwards on the car to set it moving for- 
wards? The ground is the only thing touching the car and 
capable of exerting a force on the car, and we may be sure that 
the ground exerted the forward push which set the car moving. 
A very accommodating ground! But what made the ground 
push forwards? The engine, driving the drive wheels, caused the 
rims of the drive wheels to push backwards on the ground, 
and if you push backwards on the ground the ground pushes 
forwards on you. This may seem fantastic, but it is not, it is a 
simple statement of actual facts. The forward push of the 
ground on the rims of the drive wheels is represented by the 
arrow F in Fig. 4 and this force is called the tractive force 

The tractive force F is the only horizontal force acting on the 
car, it is this force that is accelerating the car, and therefore 


}* nid 2 


(3) What kind of motion is being imparted to the car? Pure 
translatory motion (rotation of wheels neglected). What single 
force could produce this pure translation? A single force whose 
line of action passes through the center of mass (, that is to say 
the actual forces mg, F, G and H which act on the ear must be to- 
gether equivalent to a single force passing through What 
torque action about an axis passing through C would a single 
force have whose line of action passes through C? No torque 
action whatever. What is the combined torque action of mg, 
F, G and H about an axis passing through C? Zero. Why? 
Because they are together equivalent to a single force passing 
through C. Therefore, reckoning torque actions (or force 
moments) about (, counting clock-wise torques as positive, we 


get 
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34%F+4G—4H = 0 (3) 
Therefore, using a = 6 ft. per sec. per sec., using 30 ft. per 
sec. per sec. for g, the local acceleration of gravity (suppose it to 
be 30 ft. per sec. per sec.), and using 100 slugs for m, we get 


F = 600 pull-pounds 


G = 1237.5 pull-pounds 
H = 1762.5 pull-pounds 
NOTE: In this example, the acceleration of gravity being 


30 ft. per sec. per sec., the true weight of the automobile (the 
earth-pull on the automobile) is 3000 pull-pounds (= mg) where- 
as the mass of the automobile is 3200 sugar-pounds. 

The acceleration of gravity varies but slightly from place to 
place on the earth, so slightly, in fact, as to be of no practical 
consequence in many problems. The variation of the accelera- 
tion of gravity may, therefore, be wholly ignored in so far as the 
requirements of numerical precision are concerned, but it cannot 
be ignored insofar as the requirements of precise thinking are 
concerned. Numerical precision and precision of thinking are 
different things. 


MEASURING THE SPEED OF LIGHT. 


Chicago, October—On his return from a summer spent on Mount 
Wilson, Calif., in measuring the speed of light, Professor A. A. Michelson, 
former head of the Department of Physies at the University of Chicago, 
announced that the famous Michelson-Morley experiment of 1883, upon 
the negative results of which Einstein based his celebrated theory of 
relativity, would be repeated on Mount Wilson next December. 

Professor Michelson said, also, that he had obtained very satisfactory 
results this summer, measuring the velocity of light as it travelled, re- 
flected back and forth by means of a set of mirrors, from Mount Wilson 
to Mount San Antonio, twenty-two miles away. As a result of the 
experiment, it is expected that a much higher precision in the measure- 
ment of the light’s velocity will be attained than has ever before been 
recorded 

Experts are now at work in Pasadena to perfect the interferometer, 
Professor Michelson’s own invention, which he will use when he conducts 
once more the world-famous experiment which “involves the problem of 
measuring the speed of the earth and with it the whole solar system 
through space.” 

The interferometer devised by Professor Michelson was used by him in 
several important earlier investigations, notably, the establishment of 
the meter in terms of light waves, undertaken by Dr. Michelson in France 
it the request of the International Bureau of Weights and Measures; 
his measurement of the diameter of the red star, Betelgeuse; and the 
ether drift experiment of 1924-25 which studied the effect of the rotation 
of the earth on the velocity of light, confirming on completion certain 
parts of the Einstein theory 
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CURRICULUM STUDY IN ASTRONOMY. 
By Erma M. KRANK. 
VU ontevideo, Minn. 


> 


Under the supervision of and using the technique of Dr. S. R. Powers, 

Teachers College, Columbia University 
PURPOSE OF THIS STUDY. 

The general purposes of the school as conceived by Briggs! 
are two: first and fundamental, to teach pupils to do better the 
desirable activities that they will perform anyway; and, second, 
to reveal higher types of activities and to make these both desired 
and to an extent possi bi 

This study sets out to determine which phases of astronomy 
are desirable and inevitable activities for the child of the junior 
high schoo] age, to determine the relative lnportance of this 
list, and to propose an outline whereby not only these but, also, 
higher types of astronomical activities shall be revealed and made 
reasonably possible in the general science course of the junior 
high school 

THe READERS’ GUID} 

{4 count from the titles of articles pertaining to science in The 

| 


Readers’ Guide of 1922-24 revealed 15,448 listings about some 
phase of natural science 

Note It Ines 1 ; | hie e this 1 n 1 es, tor some 
were liste i} } ’ } na 4 , rue 2 nder 


more than one letter 


6,350 listings (41°7.) pertained to some phase ol pl Vsical science 


and 223 (less than 1.5‘ to astronomy alone 
HARAP’S STUDY 
The study made by Harap indicates that the layman con- 
sumer) has no need for astronomy. 
( OURSES OF STUDY 
The results of an examination of ten Courses of Study* that 
were taken from various parts of the United States are given in 
the accompanying table [ found that the Earth’s relation to 
the Universe was mentioned in all of the Courses of Study 
Some aspect of the sun was, also, considered essential in the 
teaching of science by most of the course makers, while an under- 
standing of Northern Lights and Observatories was overlooked 


altogether. 


iBriggs: The Junior Hig! 
Harap: Education of the ¢ 
i\iinnesota (State Ricl 1, Vir New ¥ ( \ (a ( 


Ohio; Bayonne, New Jersey; I State); Newton, M Oregon (State); Ka 
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TEXTBOOKS. 

An examination of six widely used general science textbooks‘ 
showed that certain phases of astronomy are included in all of 
them while certain other phases such as tides, Northern Lights, 
and Milky Way are not considered of sufficient importance to 
be included in the subject matter. 


PuPILS’ INTERESTS. 


A study by Pollock® of questions asked by children of the 
Junior High School on matters pertaining to science reveals 
that out of 3,500 questions 975 (nearly 28°%) were in the field of 
astronomy. 

Curtis® made a similar study and found that out of 3,330 
questions asked by 687 children 879 (over 26°) pertained to 
astronomy 

By assimilating the above data it may be seen that in all the 
6,830 questions 1,854 (27.15°%) were in the field of astronomy. 


MAGAZINE ARTICLES. 


Out of the 104 magazines’ examined 47 articles on astronomy 
were found, totaling somewhat more than 13,700 words. This 
makes an approximate average of 300 words per article and a 
little fewer than one article on astronomy to every two maga- 
zines examined 

NEWSPAPERS. 

Of the 630 newspaper articles® studied by Curtis 13 (2.1%) 
pertained to astronomy. The table in this study gives the num- 
ber of articles in which astronomy was referred to rather than 
the number of articles which deal, primarily, with phases of 


astronomy) 


‘Bow ( with Experiments and Project Studies Webb and Didecoet 
Karly Steps Science H er and WI in: Civic Science in the Home and Community 
Van Buskirk Smith: Science of Everyday Life Caldwe ind Kikenberry: Elements of 
General Sciences Pieper and Beauchamp: | ivy Problen Ss nee 

( A P k: Cl en's Interests as a Basis of What to Teacl General Science Kduca 
tidnal Research Bulletin, Bureau of Educational | arch, Ol Sta University Vol. 3 
pp. 3-6 

*F D. Curtis: Some Values Derived from Extensive Reading of General Science leachers 
College, Contribu to Education. No. 163 

Outlook: May 5. 1926—Julyv 21. 1926 ir psi ve St. Nicholas: January 1925-——July 1926 
inclusive World's Work: November 1925-—August 1926 inclusive Ladies Home Journal 
March 1926-——June 1926 inclusive Review of Reviews: September 1925-—-August 1926 inclu 
sive Popular Science Monthly: March 1926 August 1926 inclusive Science News Letters 
April 17, 1926-—June 26, 1926 inclusive July 10, 1926 and July 17, 1926 Atlantic Monthly 
July, 1925—June, 1926, inclusive Scribner's: July 1925 —July 1926 sive Scientific 
American: Apr June, and July 1926 


‘Curtis: Op. ¢ 











954 SCHOOL SCIENCE AND MATHEMATICS 


TABLE. 


The Importance of Astronomy as Revealed by Analysis. 

















Maga- 
Harap’s | Courses | Texts| Pupil’s zine | News- 
| Study jof Study Interests} Articles papers 
Astronom\ 4 6 31 3 
Comet 4 3 21 l ] 
Earth 10 6 161 4 
Eclipses 4 | 4 29 | = 
Gravity 4 5 164 3 
Latitude 5 | 3 3 
Mars 2 6 151 5 
Meteors 5 4 31 2 | 
Milky Way | 2 3 1 2 
Moon 7 6 211 2 
Northern Lights ] 32 
Observatory. 3 l 2 
Planets 8 6 240 ] 4 
Rotation 7 6 46 5 ; 
Seasons ‘ 5 21 l 
Sky 3 6 37 3 
Solar svstem 8 6 30 l | 2 
Stars | 8 6 447 12 6 
Sun 9 6 167 5 2 
Telescope 3 5 S | 5 
Tides 5 2 29 4 


CONCLUSION. 

From the above investigation it may be seen that the children 
of the junior high school age are intensely interested in the field 
of astronomy which, probably, is the oldest of all sciences. 
Their natural interest in and their desire for information con- 
cerning such forces of nature are practically overlooked by 
newspapers and magazines. While 27.15°% of the questions per- 
taining to science asked by children were in the field of astronomy 
only 2.1°% of the newspaper articles on science and less than 1.5% 
of the magazine articles pertain to astronomy. Obviously, 
children’s interest in astronomical phenomena, for their own sake 
or for more commercial reasons, are smothered rather than 
encouraged by these sources 

Although Harap’s Study seems to indicate that the layman 
has no need for astronomy, it must be remembered that every 
time he looks at the calender or at the clock he is using the re- 
sults of astronomical knowledge. However, in civilized countries, 
he need not determine the time of day or year astronomically. 

Many of the textbook writers and makers of Courses of Study 
overlook the children’s desire for astronomical knowledge. It 
may be seen in the Table that material for instruction is not al- 


ways chosen on a scientific basis. 
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The following outline is presented for use in the general science 
course of the junior high school. It attempts to include the 
things that the children wish to know about astronomy and to 
reveal higher types of activities, in the science, which are likely 
to appeal to the children and be a basis for further inspiration 
and study. 

Unir oN AsTRONOMY. 


| EKarth’s Relation to the Universe 
A. Tre Sun. 
1. Original source of all energy upon the earth. 
2. Altitude and heating effect. 
3. How the air is warmed. 
1. Amount of solar heat. 
>. Source of sun’s heat. 
Composition of the sun 
Relative size and distance from the earth. 
S. The sun as the center of our solar system. 
9. Difference between stars, planets, and satellites. 
10. Gravity as the foree which holds the heavenly bodies in thei 
relative positions, 
11. Explanation of sunspots 
12. Explanation of Northern Lights. 
B. THe Moon. 
1. Relative size and distance from the earth. 
2. The amount of light reflected from the sun. 
3. Cause of the phases. 
1. Its rotation and the lunar day. 
5. Its revolution and the lunar year. 
6. Appearance of the surface. 
Its climate 
(. Tue PLANETs. 
1. Number and names of the planets. 
2. Relative size, distance, and position. 
3. Their relation to the sun. 
t. Number of satellites. 
5. Distinguishing features of each planet. 
6. The planetoids 
D. THe Stars. 
1. The sun is a star. 
2. Relative size, distance, and characteristies. 
3. Meaning of the term constellation. 
1. Reeognition of: Great Bear, North Star, Areturus, Small Bear, 
Vega, and Cassiopeia’s Chair. 
>. Understanding of the Milky Way or Galaxy. 
> The magnitude classification of stars. 
Use of the telescope to study stars. 
Use of the spectroscope. 
9. The use of star maps. 


) 
J 


‘ 


? ie 


E. Tue Comets. 
1. Characteristics of a typical comet 
2. Nature of their orbits. 
3. Explanation of the tail action with respect to the sun. 
1. The evolution of a comet. 
5. Names of the more recent comets. 
F. THe Mereors. 
1. Characteristic features. 
», Explanation of their light. 
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3. Meaning of term “shooting stars.”’ 
Il. The Earth and its Motion. 
A. Tue Size AND SHAPE OF THE EARTH. 
B. Irs REVOLUTION. 
1. Path of Earth’s orbit. 
2. Causes of seasons. 
3. Meaning of the term equinox. 
4. Meaning of the term solstice 
C. Its Rotation 
1. Causes of day and night. 
2. Varying length of day due to tipping of axis. 
D. Time MEASUREMENT. 
1. The sundial. 
2. Understanding of the solar day 
3. Standard time belts of the United States. 
4. International Date Line 
5. Daylight saving. 
E. Ecuipses. 
1. Kinds of eclipses 
2. Causes of eclipses 
3. Frequency of appearance. 
F. MERIDIANS AND PARALLELS 
1. Nature and use of meridians 
2. Nature and use of parallels 
G. MAGNETISM OF THE Eartu 
1. Nature of the earth's magnetism. 


2. The compass and its use 


3. Magnetism as distinguished from gravity. 
H. Tue TIpes. 

l. Causes of tides 

2. Kinds of tides 


I. ORIGIN OF THE EARTH 


HEALTH AGENCIES TO FIGHT SMALLPOX. 


More cases of smallpox per year are reported by the I nited States 
than by any other nation in the world with the exception of certain parts 
of Asia In an effort to redeem our country from this unenviable con- 
dition, the official health agencies of the several states have designated 
the months of November and December as a period of publie enlighten- 
ment regarding the nature of smallpox and its prevention under the 
Seymour plan of the Association of State and Provincial Health Officers 

In time for this educational eampaign, the Ameriear 
Medical Progress has issued « revised edition of its pamphlet ‘‘Smallpox 


Association for 


a Preventable Disease (mong the new features of the revised publi- 
cation is a table giving the vaccinal condition of over 10.000 smallpox 
eases for 1925 taken from the reports ol 17 states and the District of 
Columbia, all for. which reports are available More than ninety per 
cent of these 10,000 persons afflicted had never been vaceinated: about 
seven per cent had been vaccinated seven to fifty vears previously, 
leaving less than two per cent who had been vaccinated within seven 
years prior to their illness 

Copies of “Smallpox—A Preventable Disease’? may be had upon re- 
quest by addressing the American Association for Medical Progress 
370 Seventh Avenue, New York City 
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A CONVENIENT RULE FOR LOCATING THE DECIMAL POINT 
IN SLIDE RULE CALCULATIONS. ! 


By Loyp C, Exurorr. 
Phoenix Union High School, Phoenix, Ariz. 


In the physics classes of the Phoenix Union High School 
and Phoenix Junior College we introduce and encourage the use 
of the slide-rule. The methods we have previously used for 
determining the location of the decimal point have been incon- 
venient. They could not be easily carried in mind while the 
settings were being made if there were a number of factors. 
To help this situation I worked out the following rule. 

In every single multiplication or division the indicator is set 
on one of the factors, and then the other is set with the slide, 
and the indicator is moved either left or right. The first step 
of this method is to count, in any series of multiplications and 
divisions, the number of times the indicator is moved to the 
left in making the settings. Movements to the right are ignored. 

For example in 23, first set the indicator on 2 on the D scale, 
then set the slide to multiply by 3. It is immaterial whether 
the C, CI, CF, or CIF seale is used. It is also immaterial as to 
which direction the slide extends. Then move the indicator to 
the answer, which will be 6 on the D scale. The indicator is 


thus moved to the right. a 


In the indicator would, in the first multiplication, 


be moved from 2 to 6 which is to the right. In the second multi- 
plication, it would be moved from 6 to 24, which would be left. 
This left motion would have to be counted. Then the division 
by 11 would be another left motion of the indicator. We would 
thus have two left motions for this calculation. 

Having determined the number of left motions, the rest of this 
method is the following: 

To the number of left motions of the indicator add the total 
number of places that are to the left of the decimal point in all 
the multiplication factors, and subtract those in all divisors. 
Then subtract the number of multiplication signs between the 
multiplication factors (those in the numerator). The figure 
thus obtained will be the number of places to the left of the de- 
cimal point in the answer. 


I\Read before the 1926 meeting of the Southwestern Division of the American Association for 
‘ 


the Advancement « 


Seer 
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: , , 2xX3xX4 
For example, in the above calculation ——— there were 2 
11 


left motions. To this must be added 3 for the places in the mul- 
tiplication factors. Then subtract 2 for the places in the divisor. 
Then subtract 2 for the two multiplication signs between the 
multiplication factors. This is 2+3—2—2 and gives | as a 
result. There must, therefore, be one place to the left of the 
decimal point in the answer. The slide rule shows the figures of 
the answer to be 218. Therefore the answer is 2.18. 

- 21.8 X.145 X 8.35 XK 2.42 XK 22.2 .. 

lake another example, ———— if all the 

386 X .126 XK 20.8 

multiplications are made first, and then all the divisions, the 
motions of the indicator will be as follows: R, L, R, L, R, L, L. 
This gives 4 left motions. Any other order of making the mulit- 
plications and divisions would give the same result, of 4 left 
motions of the indicator. Then 4, +6 (for the multiplication 
factors), —5 (for the divisors), t (for the multiplication signs). 
gives a result of 1. The multiplication signs in the denominator 
are not taken into consideration. The slide-rule shows the fig- 
ures of the answer to be 1401. The answer is then 1.401. 


; 5 7.85 & .OOOOOAS, 
In cases such as the following: the method is 
0063 

the same except that zeros between the decimal point and the 
first significant figure, are counted as negative places. Making 
this calculation gives 598 with one left motion of the indicator 
Then 1+(1—5) -2)—1 gives —2. This indicates that there 
are 2 zeros between the decimal point and the first significant 
figure of the answer. The answer is therefore .00598. 

It will be readily seen that the method can be used equally 
well in cases of a single multiplication or a single division 

When the folded scales are not being used the following facili- 
tates the use of this method. In every case where two calcula- 
tions are made at one setting of the slide, one will be a left motion 
of the indicator and the other a right. Therefore in every such 
pair of calculations, simply count 1 without bothering to notice 
which way the indicator is moving. 

In case it is desired to apply the method when the DF scale 
is used, the following addition is necessary. Any right motion of 
the indicator that crosses the index in the center of the DF scale 
must be considered a left motion, and any left motion that crosses 
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this index must be considered right. The method can be applied 
to the A and B scales but it is not especially practical for these 
scales. 

There is one exception to this rule, and that is a divisor having 
1 as the only significant figure. For example 100, 10, 1, .1, .01, 
ete. If one of this type enters as a multiplication factor, the 
rule holds, but if it enters as a divisor it will fit into the rule 
only if the decimal point in it is first shifted one place to the left. 
However, it is easy to adjust for this type of number, either be- 
fore or after the calculation is made, and so leave it out of the 
calculation on the slide-rule. 

The value of this method of locating the decimal point lies 
in the fact that the counting of the number of left motions of the 
indicator can easily be carried in mind at the same time the 
settings are being made, and then simple addition and sub- 
traction complete the method. Also a greater number of scales 
come under the rule, than with former rules. 

A brief statement of the rule is as follows: 

In each single operation of multiplication or division move 
the indicator once. Count the number of these motions that are 
to the left. To this add the total number of places that are to 
the left of the decimal point in all the multiplication factors and 
subtract those in all divisors. (In any number less than unity, 
any zeros between the decimal point and the first significant 
figure count as negative places.) Then subtract one for each 
multiplication (conveniently done by subtracting the number of 
multiplication signs in the numerator). The resulting number 
gives the number of places to the left (or, if negative, zeros to 
the right) of the decimal point in answer. 


COLOR SYMPHONY CONCERTS. 


A screen on which are projected fleeting colors may become an essen- 
tial part of a symphony orchestra concert in the future, if a device de- 
vised by Alexander Laszlo, a musical composer of Munich, comes into 
general use. 

Previous attempts to correlate color with sound and to produce a 
visual form of music have been made by the French composer Scriabine 
and others, but, it was stated, it is scientifically impossible to follow 
any relation between the wavelengths of light, which determine color, 
and of sound, which determine pitch. However, it can be done by cor- 
relating the light effects with the individuality of the composer. 

The Laszlo apparatus makes use of six separate projectors, which op- 
erate in conjunction with a piano.—Science Service 
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ION VISITS THE REALM OF AIR. 
By J. A. SHELTON, 
Browns Creek District High School, Kimball. W. Va. 


("AST OF CHARACTERS. 


1. lon A Wanderer, looking for ‘A MAN.” 
2. CHEMIST Interested in the Affairs, Welfare and Understanding of 


3. Heattu--A Spokesman for Oxygen, Active, Energeti 
4. NITROGEN The wise conservative councillor 


5. Water Varpor—The Governess 
6. Carspon Dioxipe—A Builder of Plant Tissues 
7. Five silent characters—--ArGon, HELIUM, NEON, Krypton, XENON, 


Inert, Useless, Rare 


Chemist on stage w th test tubes, racks, nd such chemicals as 
will change the color of solutions, readily evolve oxygen, and illus- 
trate other chemical changes. 

Chemist—My task is an unending one. I toil incessantly. My 
findings are recorded and passed to mankind to build up, to 
protect, to perpetuate, to edify. Can it be that my toils are 
without success in the form of a helping hand to my brother? 
Well, there is joy in the effort. , ‘ 4 In meditation. 

(Taps at door arouse him. He moves slowly toward door with 
hands clasped behind him, head down in deep thought. Opens door.) 

Chemist—Sir, will you enter my meek and lonely habitation? 

(Enters Ion. 

ITon—I am Ion, the wanderer. Duty brings me to your fireside. 
For years and years I have wandered in effort to find “The 
Man.”’ 

Chemist—And, Sir wanderer, who is he whom you seek? Of 
course while it is necessary that I dwell alone, you will ever find 
me just. If I can be of any service to you I shall move at your 
bidding. 

Ion—lf you will but tell me something of your Work and how 
it benefits mankind you shall have done for me the favor for which 
I call. 

Chemist—Before I start, will you tell me who has started you 
to wandering and why you seek me in these quarters where few 
care to dwell? 

Ion—You may know only that I am a wanderer seeking ‘‘The 
Man” who does the greatest deed for his kind. I have been here, 
there, everywhere. It has been mine to view the marvels of the 
inventor. I have heard expounded the theories of the philosopher 
and the doctrines of the theologian. The mathematician has 
juggled his digits for me The musician has often eased weary 
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hours while the artist has raised my standard of living. I have 
interviewed many, many more. Now will you tell me to whom I 
speak? 

Chemist—Doubtless you have found many whose deeds have 
elevated man. I do not know that my plane is higher. Yet, I 
have contributed my part. My history is a long one and my works 
have been many. I am the chemist. I help man in his industry, 
make more productive his soils; I enrich the home life of those 
who heed me, defend the land of the oppressed, and protect the 
health of all in order that man may enjoy happiness in his pros- 
perity. During this call I can inform you briefly of my works. 

Ion—Then, if you are to limit my information I wish to know 
first just what the chemist has discovered concerning the air 
about us which seems to be so necessary to our very lives. 

Chemist—Your request shall be granted. I have discovered 
that the air is a mixture composed of two compounds and seven 
elements. Just now I cannot say that each of these nine parts 
has its distinct function in air—the atmosphere which surrounds 
us. However, I am inclined to believe there is a function for 
each part. My study of air has not ended, and until it does no 
definite and final announcement will be made concerning every 
constituent part of the air. Now you find me after having gained 
a distinct knowledge of some of these parts. A familiarity with 
some of the elements has been acquired. These shall speak for 
themselves. The mere application of heat to this substance 
(holds up test tube containing mercuric oxide) brings oxygen, 
not the most abundant, but by far the most important constit- 
uent of the air. Oxygen’s results are evident. 

(Enters Health.) 

Chemist—Health, since you are here, speak to Ion as a living 
evidence of the importance of oyxgen to man’s life. 

Health—lon, it is a great pleasure to tell you some of the good 
things oxygen does, and how it is made possible for you to wander 
in good health and happiness. I would like for every one to know. 
It is too important for me to take the time to tell those who 
neither care nor will take the time to tell others, therefore, before 
I start, you must make one promise. 

Ion—My life is being spent in seeking ‘‘The Man” who does 
the greatest good for his kind. If your message is important | 
shall not only make the promise you ask, but I shall spread the 
news abroad. 

Health—I desire that you be attentive to my story. 
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Ion—That I promise. 

Health—Oxygen is everywhere. It always works and is the 
one thing of which man cannot get too much. In the body it 
plays A MOST IMPORTANT PART. It is carried in the 
blood and when it reaches torn-down cells it oxidizes—that is, 
burns, them. Then the burned cells are thrown off as waste. 
Oxygen also makes possible the generation of heat by oxidation 
and in this way maintains normal body temperature. This is 
necessary for good health. Oxygen also destroys destructive 
germ cells which find their way into the body and do untold 
harm when oxygen is not sufficiently abundant. In the air 
oxygen plays its part. When water is exposed to fresh air it is 
purified by oxygen and made fit for you, being thus freed of its 
harmful germs. When waste is deposited, oxygen, by a process 
of oxidation, causes it to decay thereby serving as a scavenger 
and maintaining more healthful surroundings for man. Further 
oxygen aids in combustion. In this way it is as useful and indis- 
pensable as the substances burned for light, heat, or other pur- 
poses. Much more could I tell you about oxygen and its rela- 
tion to man—all of which would be a contribution to mankind, 
but I am sure Chemist has other advocates who are to tell you 
more about his work. 

lon—Health, I have enjoyed very much the information which 
you gave. I am sure the boys and girls with whom I come in 
contact will be just as interested as I have been. 

(Health exits. Chemist puts splint in oxygen bottle.) 

Chemist—While oxygen is indispensable to both plant and 
animal life, a great aid to the progress of man, and the historical 
foundation of my work, it is one of the boys who needs guidance, 
supervision, and a constant companion. 

(Enters Nitrogen.) 

Ion—Do you come to further interest me in the work of this 
mighty man, the Chemist? 

Nitrogen—Yes, I am a product of his labors. He has found 
that I have a part to play in building the body, in feeding plants, 
in protecting nations, and in the general progress of mankind. 
Yet, before you are told of my function there is something more to 
be known about oxygen. 

Ion—Health himself is such a convincing argument for the 
good of oxygen that there does not seem to be much else to be 
told. 

Chemist—We could very well entertain you for an evening and 
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mention only oxygen, its use, and its work. All would be good. 
The information would be worth while. But oxygen must not be 
alone. He is so energetic, so active, and so congenial that it is 
necessary for him to have as a constant companion a wise, 
sturdy counsellor. This companion is Nitrogen. 

Ion—How do you keep oxygen in check? How do you so suc- 
cessfully advise him that your companionship has never been 
broken? 

Nitrogen—It is only in the air, where oxygen is free, that I 
accompany him. My presence decreases his energy, makes him 
less active, and so when his geniality would lead him to a union 
with the other products of the chemist I make the action less 
vigorous. 

Ion—This, I suppose, is a big job and possibly it is your only 
duty. 

Nitrogen——This is hardly the beginning of my labor. In union 
with other elements I have tasks which are always being per- 
formed, but are never completed, when this union is brought 
about I lose my identity. New substances are formed. These 
are very important. Some of them are the most powerful of 
explosives. Men who are ever ready to crush the weaker brother 
are held in check, and the rights of all receive consideration. 

I am taken from the air by man and plant. Both of these join 
me with other elements making materials which give the soil 
greater productivity. In this way I feed all living organisms, form 
substances for constructive tissues, and hence serve when service 
is needed and where no known substitute can serve. 

Ion—Then I can understand why almost four fifths of the en- 
velop of the earth is given for you to fill. More light is made to 
shine upon my path. I have a second reason for considering 
(Chemist as the man whom I seek. 

Chemist— You are indeed interested in this work. If you will 
but speak, another one of mine will testify for herself. 

(Enters Water Vapor.) 

Chemist—I am glad you came. Ion wants to know more about 
the information I have given man, and I was just about to call 
you. 

Water Vapor—I am known best as a colorless liquid but I am 
just as important as the invisible gas composing much of the 
earth’s atmosphere. I am Water Vapor. 

Ion—In the atmosphere, what do you do? 

Water Vapor—I am the governess controlling evaporation and 
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making pleasant the habitation of man. The human body, 
plants, and the very crust of the earth itself contain water. 
This water is being given up almost constantly, increasing my 
volume in the atmosphere. Without me this surrender would 
soon dry the earth and the heat of the sun would make the earth a 
torturing, reflecting furnace; plants would lose their moisture 
only to be parched, soon to die; and man’s comforts would be 
correspondingly affected. If this evaporation is too rapid the 
body loses much of its heat, causing chills. If this evaporation 
is too slow the air seems sultry; man becomes drowsy and inac- 
tive. In either case man is uncomfortable. So it is my duty to 
control this action for comfort and for preservation of life—and 
hence production and reproduction. 

(Enters Carbon Dioxide.) 

ITon—lf there be others representing you as a blessing to man 
let them come. My journey has been long. My task has in- 
creased with the progress of man. I shall pass your way but 
once, therefore my information must be complete. 

Chemist—I shall next have Carbon Dioxide to speak. His 
words are few, but his role is important. 

Carbon Dioxide—In me plants find an essential food and their 
only supply of carbon. Carbon makes up a large part of the 
sugar, starch, and cellulose found in plants. Most of the woody 
tissue is carbon. This woody tissue forms the basis for much of 
the cloth, paper, food, and other articles necessary for the hu- 
man race. The study of me together with compounds in which I 
am a constituent part is possibly the most complicated in the field 
of chemistry. To this study many chemists have given their 
lives. During this interview with you I have given the facts of 
my activities and service to man. 

Chemist—Next, I shall present to you five of the very rare 
elements in the atmosphere. These for the most part are strange, 
inert, and, so far as my researches have gone, useless. There 
is no doubt, however, but that further study will reveal a place 
in the plan of the progress of mankind for each of them. 

(Enter Helium, Argon, Neon, Krypton, and Xenon.) 

Chemist—Of these Helium forced, in recent years, her admit- 
tance into the aeronautical world. It possesses the desirable 
features of being light, non-inflammable, and little affected by 
changes in temperature. Its rarity seemed to have been the 
puzzling problem which made it useless in previous years. 
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Argon is the most abundant of these. It does not work, 
exhibits no action, so no use for it has been found. 

Neon, the newest element, is one of the company, but so far 
as is known, it is useless. 

Xenon is strange, rare, and inactive. 

Krypton seemed to have been so named because all its powers, 
if it has any, are hidden from man. Surely it may not have any, 
but study for the purpose of discovering its use has not ceased. 

(Exit Helium, Argon, Neon, Krypton, and Xenon.) 

Ion—Chemist, surely your contribution to man is unsur- 
passed. My travels began with creation. I have observed 
the work of all. Truly you are THE MAN. Now my search 
has ended. My purpose henceforth shall be twofold—praising 
the man of my objective, and imparting to the boys and girls I 
meet the information I have received here today. I shall tell 
them—if they would be wise, know the work of the chemist; 
if they would be appreciative, put the chemist first; if they 
would be remembered serve man. 


BETTER CULTURAL BACKGROUND FOR CITY TEACHERS. 


That 50 per cent of the principals and other supervisors of elementary 
and high schools and normal school faculties of the District of Columbia 
be employed each year from outside the District, in order to mitigate the 
deleterious effects of taking a large proportion of grade teachers from the 
normal schools of the District, is reeommended by a committee of three 
specialists from the Bureau of Edueation of the Interior Department. 
These men recently made a survey of the two normal schools in Washing- 
ton at the request of the board of education of the District of Columbia. 
It was further suggested by the committee and approved by the 
United States Commissioner of Education, Dr. Jno. J. Tigert, that all 
new appointees to teaching positions in normal schools should have 
received the master’s degree and have at least 30 semester hours of pro- 
fessional work in addition to two years of supervised teaching experience 

It was recommended that the course of study of the normal schools be 
extended to three years in order to strengthen the educational and cultural 
background of the teachers. Other suggestions were that all high-school 
students who rank in the upper half of their classes for the last two years of 
high school, who can pass a strict physical examination and who rate 
high on personal qualifications score card shall be eligible to admission to 
normal schools; that high-school graduates who do not rank in the upper 
half of their classes but possess all other requirements shall be admitted 
on attaining a standard score in a standardized achievement or intelligence 
test; that provision for teacher training be made for all graduates of 
Washington high schools who are residents of the District of Columbia, 
without restrictions as to their future place of employment, provided they 
meet the requirements for entrance; and that scholarships be provided at 
public expense in local colleges and universities for graduates of Washing- 
ton high schools who wish to become high-school teachers.—Dept. of 
Interior. 
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THE LABORATORY-PROBLEM PROJECT METHOD OF 
TEACHING GENERAL SCIENCE. 


By Erma B,. McCarrrey, 
Lincoln Junior High School. Beloit. Wis. 


The function of the school is to supervise and direct the pupils 
while they teach themselves. No one actually teaches another; 
the instructor puts the learner in the way of teaching himself, 
The value of the study lies primarily not in the facts acquired 
but rather in the habits with which pupils, through their own 
activities, become equipped for further work. 

The generally accepted aims in the teaching of general science 
are: 

To teach pupils to think scientifically 

To build up a body of information in general science in order to inable 
pupils to think clearly. 

To acquaint the pupil with his environment both physieal and 
biologieal. 

To give the Ist year pupils an attractive view of the content of all the 
sciences so that they may find out where their particular capabilities lie; 
and more wisely choose what they wish. 

To stimulate interest in science, and thereby keep alive interest in 
scientific progress 

To demonstrate to pupils the everyday need and use of science and the 
humanizing influence of the use of science. 

To prepare pupils for the special science or sciences which they may 
elect later. 

To impart information from the scientifie standpoint about the useful 
and interesting things about us, especially for those who will not go to 
high school and college, and therefore would remain ignorant of scientifie 
facts in the forees around them. 

To train pupils in their ability to “assimilate” plain, concise, clear 

> 


statements. 
To train pupils in their ability to apply information in the solution of 


new problems or projects 

Realizing the above aims can best be accomplished by or- 
ganizing a course in general science whereby: 

The teacher will take an experimental attitude. 

The subject matter will be made as interesting as possible 

The subject matter will not be too diffieult—experiment will decide 
that. 

The subject matter will build up about the child’s present environment 

The subject matter will be so organized that the work will be satisfae- 
tory for an average class 

Actual problems will be solved in the school so pupils will attack the 
problems outside of school similarly. 

Most problems in general science subject matter will deal with the 
complete situation in its natural setting. 

The subject matter will have direct connection with the community's 
civie problems. 

The General Science course will develop the historical nature of all 
of science. 

The subject matter will be arranged in progressive order. 

There will not be too great generalization on work in general science. 

The course will be practical in that it will be broad. 

The range of materials which can be used is limited only by the capacity, 
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experience and needs of the pupils. The materials should be concrete 
and capable of leading to avenues of new and untried experiences. 

In organizing material the ‘‘Topic’’ is the large unit to which many 
specific pieces of work are related. ' 

Problems or (projects) should be capable of demonstration either by 
pupils in individual or group experiments. The apparatus should be 
simple. 

The project method of teaching General Science will help 
realize these aims as well if not better than any other method. 

The project is a series or collection of problems. It is a chal- 
lenge to the pupil to solve something he is interested in. The 
project should be practical enough to be solved by the same 
methods as the pupils are apt to use in adult life. The project 
is sometimes defined as a whole-hearted, purposeful activity. 

Before we take up the project method of teaching in detail 
let us place before our minds the following arguments for the use 
of projects; let us bear these arguments in mind and throughout 
the remainder of the discussion see whether or not they are valid. 

The project method as an application of laws of learning, follows the 
psychological rather than logical order in learning. . 

The project method recognizes individual differences in the native 
instinets of pupils and thus stimulates all classes. 

The project method teaches the power of self direction. 

The project method gives motivation; because perplexity or curiosity 
is the result of real desire for solution. 

It gives natural setting as opposed to the artificial and thus gives unity. 

It develops the reasoning power rather than mere memory. 

The project method increases the ability of the pupil to collect, organize 
and use facts and theories. ; 

It emphasizes priority of problem instead of principle. 

The project method provides for the acquiring of skill and information 
needed in later life with a minimum of difficulty because of individual 
effort. 


Project method organizes material from the social point of view, deals 
with natural situations and gives ability to share common life. 

The suggestion and thought of the project should come from 
the pupil and probably is suggested from one of a multitude of 
problems which arouse the curiosity and interest in the scientific 
relations which will be called forth in working them out, and 
which pupils may be incited to set up as problems for solution. 

The use of the project method gives the child a strong impulsive 
immediate motive for getting all of the possible information on a 
problem or question. The dominating purpose, as an inner 
want or desire to know, fixes the aim of the action, guides its 
process and furnishes its “drive” or its motivation. The project, 
then, is an expression of some desire on the part of a pupil; 
and the answering of this felt need by the solution of the problem 
by the child. If the projects are carefully guided, the content 
of the course will include what is most desirable for pupils to 
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learn. They are stimulated to learn things because they them- 
selves want to know them and not because the teacher insists 
that they learn the material. 

According to Prof. W. L. Eikenberry projects may be divided 
into four types as follows: 

1. Construction Type.—Where the purpose is to embody 
some idea of plan in external form such as building a boat. Occa- 
sionally a project of this type may be of such character that it 
will lend itself to aid from several members of the class, e.g. 
setting up and operating a telegraph apparatus. 

2. Appreciation Type.—Where the purpose is to enjoy 
some aesthetic experience as listening to a story or appreciating 
what some scientist has contributed to the world. These pro- 
jects are closely related to the inspirational and recreative func- 
tions of education. The usage of such projects is wholly in the 
experimental stage. 

3. Intellectual Type.—Where the purpose is to straighten 
out some intellectual difficulty, to solve some problem, as to 
find out whether or not dew falls. 

4. Skill or Habit forming Type.—Where the purpose is to 
obtain some item or degree of skill or knowledge as learning the 
boiling points of the various liquids. 

The above types embody the aims of 1, skill or habit forming; 
2, knowledge; 3, appreciation; 4, construction. These have al- 
ways been in the mind of the teacher. They have been sought 
through lessons, drills and recitations, but too often the purpose 
was that of the teacher and not that of the pupil. The project 
method does not dispense with textbooks, drills, references and 
recitations; it requires that these shall be engaged in, as a result 
of the pupil’s purpose to secure certain skill, or knowledge which 
appears to them to be valuable rather than to engage in the 
same activities as assigned task. 

Projects of types 3 and 4 are most usable in General Science. 

The laboratory work is an essential part of the problem 
method. The laboratory is useful for illustrative purposes to 
secure for the children sense impressions from contact with 
objects, as a place for executing constructional projects and 
sometimes as a means for carrying out the search for information. 


WorKING A PROJECT. 
1. What method would you use in having pupils select their 


project? 
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(a) Questions brought up by the pupils during class discus- 
sions or questions brought to class from outside by pupils (in 
the class) will often times furnish excellent projects. The pupils 
are very curious and will bring up project questions often. If 
they suggest the question, you may be very sure that they 
themselves are interested in the question or project, and interest 
is the principal motivation of a project. The teacher might 
post a list of projects on the bulletin board and allow the pupils 
either to select a project from the list or to add another project 
to the list and volunteer to solve it. 

(b) The teacher will have to consider each project selected 
to see that the solution is possible by the student who has chosen 
it, considering his experience and subject matter of knowledge. 
The teacher must arrange conferences with the pupils who have 
selected doubtful projects, as well as have conferences with all 
of the pupils, to see exactly what phases of the subject they in- 
tend to work on and what method of attach they are going to 
use. It is the business of the teacher to decide whether the pro- 
ject selected is practical and valuable. 

II. How should teacher and pupils organize their form of 
procedure? 

(a) Teachers. 

1. It is probably advisable to attempt only one or two series 
of individual projects during the year. The first one should not 
be launched before the latter part of the first semester, by which 
time pupils should possess a sufficient knowledge of facts and 
methods to undertake project work profitably. 

2. The meaning of the word “‘project”’ should be introduced 
early in the course, in order that it may become a part of the 
child’s vocabulary, and that he may fully appreciate its scope and 
meaning. 

3. From time to time pupils will ask questions about certain 
phases of the subject which are not covered to their satisfaction 
in the work of the course. Suggest that members of the class 
consider these questions as possible projects. Other suggestions 
may also be made as they occur. 

1. A definite date should be announced for the final selection 
of the individual project. The responsibility of weighing the 
value, and of choosing a practical, concrete project should be 
placed upon the pupil. He should also take into consideration 
the solubility of the problem to be solved. 
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5. In approving the chosen projects the teacher should dis- 

cern whether the pupil has ambitions beyond his ability and 

arrange conferences with pupils whose choices are doubtful. 

6. Hints anc suggestions as to procedure and solution may 
be given. The class should be given the opportunity to ask ques- 
tions and discuss the situation. 

7. Keep in constant touch with pupils as they progress with 
their projects. Conferences should be arranged with pupils, 
at which time methods may be approved or corrections made. 
Let the pupil work out his own project, but set him straight in 
case he becomes confused or sidetracked. 

8. The teacher must understand each project being worked 
out by pupils. 

9. Direct pupils to keep project material for demonstration. 

10. Set definite time for completion. 


11. Be sure pupils understand that only neat work is accep- 


b) Organization of form of procedure (pupils) is as follows: 

1. Selection of project. Choose a subject in which you are 
interested. Be sure it is practical and valuable. Is it reasonably 
possibly to solve? Are there materials with which to work? 

2. Analysis of problem using information at hand. Division 
of project into problems 
3 Report to teacher. 

!. Search for information and perform any necessary ex- 
periments. Remember that you will be expected to demonstrate 
vour completed project to the class both orally and by means of 
appropriate charts or apparatus 

5. Organization according to analysis. Does the informa- 
tion you have obtained correspond with what you have previously 
learned? Can you verify your results by further experiments, 
or by reference, to establish facts? What principles of science 
have been illustrated in your work? Can you verify your result 
by further experiment? 

6. Demonstrate and explain your project to the class. Be 
prepared to answer questions on work done in connection with 
your project 

ITT. How can the project work be made a part of the regular 
class worl 

Approximately two days out of the week might be given over 
to the project work. During the time the pupils are working 
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projects have no regular class work except drills. Project work 
should be substituted for some of the regular class work at 
least. 

IV. What difficulty may the teacher expect the pupils to have? 

The pupil will probably have trouble in gathering his materials 
or in finding information in as great quantities as he wishes. 
The teacher can suggest places of information or places where 
materials can be obtained; or arrange for the pupil to visit 
places which are essential for completion of his problem. The 
pupil may also have trouble in arranging his project material, 
and a little suggestion on the teacher’s part will boost him over 
the difficulty. The conclusion may also be a source of difficulty . 

V. What conclusion should the teacher expect each pupil to 
make in his particular project? 

A general conciusion, on information obtained, should be 
made in the light of the question or project solved. If the 
teacher has kept careful check on the projects as they pro- 
gressed the results will not be very far out of the way. If the 
pupil sees or can readily be led to sense that he has a faulty con- 
clusion, he will usually be anxious to remedy it and offer to do 
it over, profiting by his mistake. 

VI. What method should be used in having each pupil demon- 
strate his project? 

The demonstration of the projects will appear of more im- 
portance to the individual pupils if it is a public demonstration 


as well as having it given to the class. Some of the projects 


worked out by our pupils last year were: 


l. Best type ol boat for travel 

2. The history of the bicyel 

3 Collection of stamps 

4. To make out a well balanced diet for a school pupil (1 week 
5. Heart and circulatory system 

6. Telegraphy 

7. Of what use is protein to humans. 

s Classification of local flowers 

9. The moving picture 

0 To plan a model home 


Electricity and the home 

Electrical wiring 

Wisconsin birds 

Textiles 

Our solar system 

6 Construction of a boat. 

17. Construction and wiring of a house for electricity. 
1S. History of development of weapons. 
19 Salt. 

20. Batteries 

21 Fire extinguishers 


en en 
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yo B History of matches 
23. Toy-making. 

24. Types of lakes. 

25. The vacuum cleaner 
26. Tree chart. 

27. Flower chart. 

28. Auto mechanism. 
29. Iceless refrigerator. 
30. How to repair a leaking faucet 
31. Fireless cooker. 
32. Study of radio. 
33. Electric magnets. 
34. Heating our homes 
35. Air pressure. 

36. Breathing. 
37. Cooking of foods 
38. Building materials 
39. Evaporation. 

40. Rocks. 
41. Elasticity. 

2. Capillarity. 
43. Oxidation. 
44. Time and clocks 
45. Machines. 


16. Conduction, Radiation, Convection 
A. One project, ‘‘Heating our Homes,”’ was worked out as 


follows: 


QuESTIONS—How SHALL WE HEAT OUR NEW HOMI 

Steps in development for child: 

I. What kinds of heating systems are there? 
II. Study of each system (collection of material). 
A. Study of hot air 

Parts of the system and how the system is constructed 

How system functions 

Inspection of such a system while in operation 

Advantages of such a system. 

Disadvantages of such a system 

6. Conferences with several people who have such a system 
B. Study of hot water system. (Follow Outline A 
C. Steam system. 

III. How does each system distribute the heat! 
1. Prepare models of heating systems in lab. 
2. Conduction, convection, radiation. 

IV. Which system will give the best service and the most comfort in 
our particular home, taking into consideration the number of rooms, and 


Sik Oho 


» 


arrangements of rooms. Reasons 

V. Demonstration to class—with illustrations, drawings and models 
of systems 

Project B.—The Telegraph. 

I. History of the Telegraph 

l. Persons responsible for advance. 

II. Collection of illustrations, models or charts of telegraphs, from 
earliest to present. 

Ill. Home made set 

IV. Explanation of how the tel graph functions 

V. Code and the sending of messages 

VI The place of the telegraph in modern life 


Project C.—Electricity in the Home. 
I. What is electricity? 
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| Understanding of electrical terms, or expressions 
I] Llow is it generated? 
IIl llow does it get to our homes? 
IV List uses in the home. 
l Explain the electrie light. 
2 How does electricity heat the electric iron? Explain othe 
devices 
V. How to use eles tricity or - don'ts in electricity.” 


The project method benefits pupils in the following ways: 

a Ly velops habit 

2. Helps them to do independent thinking. 

}. Gives them satisfaction in accomplishment 

1. Develops habit of usage of scientific method. 

5 Helps child to feel responsibility. 

The pre ject method besides being the outcome of strong initial 
interest on the part of the pupil helps him to get the information; 
teaches him how to use the scientific method of collecting facts 
and organizing them, gives him an experimental attitude in 
his science work and it is hoped toward other problems of life 
besides school work. Unadulterated interest and enthusiasm 
with the gradual development of initiative and responsibility 
on the part of the pupil is a fair judge of his progress. 


The following statement is quoted from the book “Directing 
Study’ written by Prof. H. L. Miller of the School of Education, 
University of Wisconsin: “The great teacher is the one able to 
stimulate curiosity, to foster interest in the search for knowledge, 
and to develop enthusiasm for the challenge of a problem.”’ 


SCIENCE TEACHERS OF PENNSYLVANIA TO ORGANIZE. 


Seience teachers of Pennsylvania are planning to form an effective 
tate organization, at their meeting in Harrisburg in connection with the 
State teachers’ convention, Wednesday, Dec. 29. Zone meetings of science 
teachers will be urged, with a central organization to assure unity of 
purpose. The organization will meet jointly with the science section of the 
State teachers’ convention each year. The movement got under way at 
the Scranton convention last year, and has been endorsed by the Langley 
Association of Science Teachers, members of which are active in furthering 
it 

The Harrisburg meeting offers a strong appeal to science teachers of the 
state. Dr. Otis W. Caldwell will address the science section meeting 
Wednesday morning, Dec. 29, on ‘‘The Tendencies in Science Teaching,”’ 
and will also speak at the general session of the convention that afternoon. 
Dr. J. A. Foberg, State Director of Mathematics and Science, will address 
the morning section meeting on, ‘Science in the Junior High School.”’ 

An inspection trip to a Harrisburg industry is being arranged. A 
science teachers’ dinner at 6 o’clock, Wednesday evening, will be presided 
over by Dr. W. L. Eikenberry. Reservations for the dinner may be made 
at the morning section meeting 











974 SCHOOL SCIENCE AND MATHEMATICS 


RADIUM AND THE RAY-GENTOR. 
By H. H. BARKER, 


Chief Ph ysicist of the United States Radium Corporation. 


“Radioactivity,” to quote Frederic Soddy, Professor of Inor- 
ganic and Physical Chemistry of the University of Oxford, “is 
a new primary science owing allegiance neither to physics nor 
chemistry as these sciences were understood before its advent, 


ete.” 


In order to explain the phenomenon of radioactivity, Ruther- 
ford and Soddy advanced the theory which regards the atom of 
the radio-active element as suffering spontaneous disintegration, 
and giving rise to a series of radio-active substances which differ 
in chemical properties from the parent element. That is, the 
property of radio-activity is a phenomonon which occurs from 
within the atom, and as far as is known is not affected by any 
chemical or physical agencies which one can apply from without. 
To illustrate this property of intra-atomic disintegration, the 
uranium atom loses a helium atom carrying two positive units 
of electricity and results in the product Urnamium X11. This 
helium atom carrying two positive charges of electricity, known 
as the alpha ray, is expelled with a velocity of about one-tenth 
that of light. Uranium X1 undergoes a further atomic disinte- 
gration with the expulsion of a particle carrying a unit negative 
charge, known as the electron or beta ray, and producing a new 
element, Uranium X2. The beta rays or negative electrons are 
expelled with a velocity comparable to that of light and are quite 
analogous to the cathode rays. The third type of radiation which 
usually accompanies the beta rays are known as gamina rays and 
are quite analogous to the X-rays. They consist of ether vibra- 


tions of exceedingly short wave lengths. 


Perhaps the most striking characteristic of the radio elements 
is their rate of decay or transmutation. The rate of decay for 
each element has been determined by actual observation rather 
than atomic weight determinations, due to the fact that radio- 
activity allows the study of very small quantities of these sub- 
stances while atomic weight determinations would require rela- 
tively large amounts. Uranium, radium, radium emanation, 
ionium and thorium are the only members of the radio-active 
family that have been obtained in large enough quantities for 


atomic weight determinations. 
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lor radio elements of long life such as radium with a “half 
period,”’ by which we mean the time for one half of the original 
amount to disappear, of 1750 years, or uranium whose half 
decay period is about five thousand million years, more or less 
indirect methods must be used. The halfdecay periodfor these 
long lived substances may be ascertained by determining the 
number of alpha particles emitted from a known weight of a 
substance in a definite time. Since a gram atom of an element 
contains 6 x 10 to the 23rd power atoms, it is an easy matter to 
calculate the fraction of the number of atoms present decaying 
per second, each alpha ray representing one atom of radio-active 
matter undergoing transmutation. 

In this connection it is perfectly correct to say that we are 
counting the number of atoms or molecules in a given substance 
with just as much accuracy as we count the inhabitants of a 
city. No census is correct to more than one or two parts in a 
thousand and this represents about the degree of accuracy with 
which we are able to actually count the number of atoms or 
alpha particles. An interesting simile was given in an address 
by Sir J. J. Thompson to show the great advantage of detecting 
electrified bodies over unelectrified bodies. Professor Strutt, by 
means of the spectroscope, was able to detect the neon in 1-20 
em’ of air. Ramsay established that only 1-100,000 part of 
the air is neon, therefore the neon in 1-20 em* would occupy 
1-2,000,000 of em* at S. T. P. In this small volume there are 
about ten million million molecules. The population of the 
earth is established at about fifteen hundred million, so that the 
smallest number of molecules of neon we can identify is about 
7,000 times the population of the earth. In other words, if we 
had no better test for the existence of a man than we have for an 
unelectrified body of molecules, we would come to the conclusion 
that the earth is uninhabited. If the alpha particle had been 
uncharged, we would require more than a million million of 
them instead of one before we would have been able to detect 
them. 

For the radio elements of comparatively short-perjod, such as 
radium emanation with a half period of 3.85 day, the electroscope 
may be readily used in determining the period of decay. 

Now let us consider a little more in detail these various types 
of radiations and their peculiarities. The alpha rays in their 
passage through matter cause ionization and thus render air a 
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conductor of electricity and so discharge electroscopes, thus 
giving the basis for radium and radio-active measurements. 
They also affect photographic plates and produce phosphoresence 
in certain substances, for example, Sidot’s Blend or phosphor- 
escent zine sulphide. This phosphorescent effect analyzed has 
been shown to consist of individual flashes of light. 

Sir Wm. Crookes has devised an apparatus known as the 
spinthariscope for observing the scintillations due to radio-active 
matter. It consists of a trace of radium concentrated at a 
point and placed several mm. away from a zine sulphide screen 
which is fixed at one end of a short tube, and viewed through a 
lens at the other end. One then sees hundreds of scintillations, 
each one of which is due to the bombardment of an alpha 
particle against the screen, thus indicating the transmutation of 
an atom of radium at the point. The rays are slightly deviated 
in astrong magnetic field at right angles to their path. The alpha 
rays from different radio-active substances have different veloci- 
ties of expulsion and ionize the air for different distances. The 
rays are readily absorbed by thin sheets of paper or metal foil 
or a few centimeters of air due to the large mass of the particle 
and to its slow velocity. Upon stopping the alpha particle their 
extra energy is converted into heat. One gram of radium has 
been found to produce 135 calories of heat per hour, of which 
124 calories are due to the alpha particle. From these figures it 
has been calculated that the disintegration of one gram of 
radium and its disintegration products develops at least 400,000 
times as much heat as can be obtained by burning one gram of 
carbon, or a simple calculation will show that one pound of 
radium has inherent within its atoms the heat energy equivalent 
to 400,000 pounds or 200 tons of coal. One ounce of radium in 
its complete transformation to the end products will give off 
enough energy to lift 5,000,000 tons through a distance of thirty 
feet. 

The beta type of radiations from radio-active substances are 
more penetrating than the alpha rays due to their relatively small 
mass, about 1-1700 the mass of the hydrogen atom, and the 
comparatively large velocity. Beta rays are more readily de- 
flected by a magnetic field than the alpha rays, the ionization 
effect of the beta rays are about 1-100 that of the alpha rays over 
the same distance. 

Gamma rays never appear independently of the beta rays and 
are probably produced by the beta rays just as the X-rays are 


ne 
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produced by the cathode rays. They are not deflected by a 
magnetic field. They are very penetrating as is shown by the 
fact that they will pass through one foot of iron, but their ioniza- 
tion effect is only about 1-10,000 that of the alpha rays. 

The beta and gamma rays as well as the alpha rays are capable 
of producing phosphorescent effects on certain minerals, but not 
to the extent that the alpha rays are, while the gamma rays 
are even less intensive in their effect than either of the other two. 

Radioactivity has thrown such a revealing’ searchlight of 
knowledge upon the structure of matter that even the most 
elementary instruction in physics and chemistry requires con- 
sideration of this most remarkable phenomenon. The wondrous 
facts of radioactivity are so elusive of real comprehension and 
appreciation that effective instruction must really rely upon the 
method of experimentation and demonstration. 

The Ray-Gentor is designed for the purpose of rendering + 
number of remarkable facts of radioactivity visible to the studen 
and thus creating that absrobing interest and true understanding 
which is impossible of creation by theory alone. 

Such truths as the spontaneous, constant and long enduring 
giving off of tremendous energy by radium, becomes apparent 
by the use of the Ray-Gentor. In the dark and with but the 
most simple equipment, the individual ray can be shown to the 
student and the tremendous speed at which the rays are given 
off can be made understandable. 

DeEscRIPTION OF Ray-GENTOR. 

tutherford states that the alpha rays are completely absorbed 
by 0.0006 cm. of aluminum, the beta rays by 0.2 em. of lead, 
and one half of the gamma radiation by 14 em. of lead. By pro- 
perly selecting a series of screens to place over a radium prepara- 
tion it is readily seen that we may shut off, or absorb, first the 
alpha without appreciably stopping the beta and gamma, and 
then the alpha and beta without absorbing to any appreciable 
extent the gamma radiation. ‘To obtain the effects of either the 
alpha or beta radiation exclusive of the other two is not a simple 
task, and requires appliances with which many laboratories are 
not equipped. However, to obtain the greater part of the alpha 
radiation together with the beta and gamma rays, the beta 
rays together with the gamma rays, and the gamma rays free 
from the other two is not so difficult, and the apparatus to be 
described was designed with that object in view. It may be 
stated that the effects of the beta and gamma radiation as com- 
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pared with the alpha radiation over the range of the alpha rays 
is small, about one per cent The same is true for the effeets of 
the gamma rays as compared with the beta rays over the range 
of the latter. 





The main part f the Ray-CGentor, as shown, consists of a 


brass container filled with lead. There is a small depression in 
the lead in which the radium salt ts deposited by evaporating 
to dryness a suspension of the sulphate or a solution of the chloride 
or bromides as the case may be. The film of radium in the shallow 
cavity is covered with a sheet of aluminum foil about 0.0002 
em. thick, held in place by a collar with both male and female 
threads. The thin aluminum foil serves to protect the radium 
from any mechanical losses, but is sufficiently thin to allow the 
greater part of the alpha radiation to pass through. There are 
two supplementary collars which fit onto the collar permanently 
attached to the main part of the applicator, one equipped with 
a screen or filter of sheet mica 0.006 em. thick and the other with 
a sheet lead 0.2 em. thick It is thus possible by the use of the 
proper screen to obtain, (a) all three types of rays together, b 
the beta and gamma rays and (c) the gamma rays alone 
The utmost care should be exercised when handling the Ray- 
Gentor to avoid damaging the aluminum foil that serves to pro- 
tect the radium. A brass cover filled with lead is supplied, which 
should be screwed onto the bottom section of the applicator 


when not in use. 
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DEMONSTRATION EXPERIMENTS. 


1. Ionization. 

That the different rays ionize the air may be demonstrated 
by electrifying a silk tassel until all the strands repel one another 
and then bring the Ray-Gentor near to it. 

(a) When the radium is screened by the aluminum foil 
only, it will be noted that the tassel is discharged almost im- 
mediately as the Ray-Gentor is brought near to it. 

(b) Place the mica screen on the applicator thereby cutting 
off the alpha rays. As the applicator is brought near to the 
electrified tassel, it is noted that the tassel is not discharged 
nearly as rapidly as in (a), thereby demonstrating the compara- 
tive ionizing properties of the alpha and beta rays. By removing 
the Ray-Gentor some distance from the electrified tassel, it is 
still slowly discharged, demonstrating that beta rays have a 
much longer range than the alpha rays. 

(c) Place the lead sereen on the applicator and make the 
same test as in (b). The ionization effect of the gamma rays 
alone is demonstrated as very slight. 

2. Photographic Plates. 

All three types of rays affect the photographic plate. The 
alpha rays are much more intensive in their effect than either 
the beta or gamma and consequently require a much shorter 
exposure. The beta rays produce a rather fuzzy image, while 
the gamma rays produce a clear cut image. Various objects 
such as keys, etc., may be photographed by the various types or 
rays placing the object to be photographed adjacent to the nega- 
tive and exposing to the Ray-Gentor. When producing photo- 
graphs by means of the alpha rays it is necessary to unwrap the 
negative and place the object adjacent to it. Photographs may 
be made with the beta and gamma rays without unwrapping the 
negative. 

3. Phosphorescent Zine Sulphide. 

A sereen coated with phosphorescent zine sulphide will glow 
extremely brightly in the dark when exposed to the alpha rays 
of the Ray-Gentor but responds poorly to the beta and gamma 
rays when the alpha rays are screened off. This experiment 
explains the nature of Undark Radium Luminous material 
which is used commercially to illuminate watch dials, electric 
lighting switches, house numbers, ete. The bright glow is 
caused by thousands of alpha particles impinging on the zine 
sulphide crystals causing a brief spark of light. 
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1. Willemite. 

The mineral Willemite fluoresces showing a beautiful greenish 
color when exposed to the Ray-Gentor. 
5. Barium and Lithium Platinocyanide. 

The lithium salt fluoresces with a brilliant pink color and the 
barium salt with a deep green light. ‘| hese salts are especially 
suited for showing the action of the gamma rays, and in this 
respect, are superior to Willemite. 

6. Range of Alpha Rays. 

By carefully bringing a zine sulphide screen up to the Ray- 
Gentor and noting when the screen begins to glow brilliantly, 
the range of the alpha particles may be determined. 

7. Electromagnet. 

Inasmuch as the alpha rays are positively charged particles, 
the beta rays, electrons (negative charge), and the gamma rays 
ether vibrations only, a powerful electromagnet may be used to 
separate the three types; the alpha being deviated in one direc- 
tion, the beta in the opposite direction, while the gamma rays 


remain unchanged in their direction. This phenomenon may be 


shown by placing the Ray-( rentor between the poles of the 


electromagnet, and using a suitable screen or photographi 


method to locate the paths of the different types of rays. 
8. Electroscopes. 

With electroscopes of the alpha, beta or gamma ray type, 
many instructive demonstrations may be made, such as the 
methods of measuring radium, range of the rays, co-efficient of 
absorption for different substances, ete. 

The above are some of the more standard 
Its value in experunentation 


demonstrations 


possible with the Ray-Gentor. 
and research makes the instrument truly indispensable. 


THE LANGLEY ASSOCIATION OF SCIENCE TEACHERS PRO- 
POSES A STATEWIDE ORGANIZATION. 


At the annual meeting of the Langley Association of Science Teachers 
recently held at Pittsburgh, Pa., action was taken looking toward the 
formation of a more perfect union of the science teachers of the state 
Leaders in the Pennsylvania State Education Association have long felt 
the need of an organized science section to meet in December of each year, 
at which time representatives will gather from local branches with head- 
quarters in the several convention districts of the state. The Langley 
Association has gladly consented to assist in this important movement 
which will be started at the State Convention of the P. 8. E. A., Harris- 
burg, Dee. 28-30. 

The fall meeting of the Langley Association was held in Pittsburgh, 


Oct. 22 and 23. The Nature Study Club met in joint banquet Friday 
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evening. ‘he addresses of the occasion was given by Dr. Heber D 
Curtis, Direetor of Allegheny Observatory, ‘“‘The Recent Total Eclipse of 
the Sun.’’ The second session of the association was held Saturday 
morning in the Schenley High School. The programs were as follows: 


FriIpAY, OCTOBER 22. 


1:00 P. M.—Tour through the Bureau of Mines. 

5:30 P. M.—Reception in the Auditorium of Bureau of Mines 

6:15 P. M.—Dinner. Bureau of Mines banquet room. 

7:30 P. M.—Annual election of officers. 

8:15 P. M.—lIllustrated Address, ‘‘The Recent Total Eclipse of the Sun,’’ 
by Dr. Heber D. Curtis, Director Allegheny Observatory. 

SATURDAY, OcToBER 23, SCHENLEY HiGH ScHoo., Pirrspurau. 

9:00 A. M Demonstration Lesson, “The First Day in Chemistry,” 
Charles A. Gorgas, Peabody H. 8. 

9:45 A. M.—Address, ‘‘Carbon Monoxide Poisoning in the Home and on 
the Highway,’’ by Dr. Williams P. Yant, Associate Chemist, Bureau 
of Mines 

10:15 A. M Addr _ tesearch at Low Temperatures,” (with demon- 
strations), by Dr. C. W. Kanolt, Physcist, Bureau of Mines 

11:00 A. M.—Adjournment to the auditorium for general meeting of the, 
Western Convention District of the P. 8S. E. A. 

Anyone desiring to join this association or inquire concerning its 
publication, ‘The Langley Science Bulletin,’ should communicate with 
the secretary, Frank W. Murphy, Oliver High School, Pittsburgh, Pa 


AVERAGE LIFE NOW 58 YEARS. 


The present average duration of life in the United States is 58 years 
Prof. Irving Fisher of Yale gave a schedule of how the duration of life 
should increase in the vears to come assuming that a hundred-year aver- 
e duration 1s the att Linable limit 
In 1930, the average length of life will be 61; in 1940, 65; 1950, 69; 


1960, 72: 1970, 75; 1890, 78; 1990, 80; 2000, S2 In the distant time of 


2100 nearly evervone should live until 94 years of age. 

Prof. Fisher pointed out that increases in length of life were being made 
at an amazing rate at the present time. The pace for the quarter cen- 
tury just past was 40 years increase per century, whereas it was only 4 
vears per century in the seventeenth and eighteenth centuries. 

Prof. Fisher presented what he declared to be: ‘The most sensational 
conclusion which science has ever reached.” It is that life cells and 
many tissues of man are potentially immortal in the pure physical sense 
Chere will be a time, perhaps, when men will live, if not forever, at least 
much longer than the century mark which is now practieally the limit of 
the human life span 

Prof Woodruff of Yale, he reealled, found that no natural death 
occurred in 8,500 generations of a minute organism, paramecium, a pe- 
riod of time equal to 250,000 years of human life. Dr. Alexis Carrel of 
the Rocke fe ller Institute lor Medieal Research has kept ih chicken heart 
growing and alive for over fifteen years, an age that no chicken ean at- 
tain. Prof. Thomas H. Morgan of Columbia found that 1-250 part of a 
worm will regenerate and become younger than the original worm. The 
time will come perhaps, Dr. Fisher said, when the human being will have 
an indefinite life span, when his defective and worn-out parts ean be re- 
placed and renewed like those of a watch.—Science Service. 
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A STUDY OF THE VOCABULARY OF SCIENTIFIC ARTICLES 
APPEARING IN DAILY NEWSPAPERS. ' 
By Francis D. Curtis, 
— nay Y 
University of Michigan. 


INTRODUCTION 


prin eyialtn hs cde ah 


In a previous study? the author made a series of analyses 
of the six hundred thirty articles of miscellaneous scientific 
content published in two weeks’ consecutive issues of six Amer- 


3 


ican newspapers representing widely different parts of the 
country and types of cities: the New York World, New York 
Times, Christian Science Monitor, Houston Post, Bristol (Va.- 
Tenn.) Herald Courier, and Portland Oregonian. The last of 
these analyses included a listing of all the different scientific 
terms found in the articles, and a comparison of these terms 
with Thorndike’s ‘‘Ten Thousand Words’’* to determine the 
percentage of these different terms which are in each respective 
thousand of the most common English words as listed in The 
Teacher’s Word Book. 

This analysis revealed the fact that only 35.1 per cent of the 
different miscellaneous scientific terms which were found in 
these articles appeared also in The Teacher's Word Book and 
that these 35.1 per cent were distributed fairly equally among 
the respective thousands, the range being between 4.5. per 
cent for the first thousand and 2.1 per cent for the sixth, with 
an average of 3.5 per cent for all ten of the thousands in the 
Thorndike list. 

The investigator concluded from these facts that ‘‘the addi- 
tion to a child’s reading vocabulary of each thousand of the 
most frequently occurring words does not add greatly to the 
equipment for an intelligent reading of science in the public 
press, and that vocabulary building based upon The Teacher's 
Word Book does not in itself promise to provide adequately 
for the needs of pupils in science’; that the range of scientific 
vocabulary found in the public press emphasizes the need for 
extensive training in science as a foundation for an intelligent 
reading of the newspapers. 

PROBLEM 


This investigation represents an attempt to secure data 


1Reprinted from School and Society 
*Francis D. Curtis, Some Values derived from Extensive Reading of 
York Teachers’ College, 1924), pp. 10-27 and Appendices A and B 
E ilward L. Thorndike, The Teac/ Word Book (New York: Teachers’ College, 1921 
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VOCABULARY OF SCIENCE 983 


relative to the vocabulary used in scientific articles appearing 
in the daily press: (1) what percentage of the total vocabulary 
are common English words; (2) what percentage of the total 
vocabulary are scientific terms; and (3) what percentage of 
the uncommon words are scientific terms. A word is here 
considered to be a common word if it appears in The Teacher’s 
Word Book; a word is here considered to be an uncommon word 
if it does not appear in The Teacher’s Word Book. 


METHOD 

The materials used in this investigation were the same six 
hundred thirty articles which were used in the previous analyses. 
This selection of articles included all having scientific content 
which appeared in the issues of the six newspapers studied, 
except the weather forecasts and the “death notices.”” No 
advertisements were included. 

The following directions guided the making of the word 
counts :4 

(1) Take the articles in turn and count all the words, in- 
cluding a and the. Count initials and abbreviations as words 
and count compound words as two words. Consider a number 
to be composed of the words which would be required to express 
the number were it spelled out; thus, you would count 216 
(two hundred sixteen) as three words, and 1,049.2 (one thousand 
forty-nine and two tenths) as seven words. 

(2) Recount the words in each article until you check within 
three words of the total secured by a previous count; write this 
number at the top of the article and mark it “‘O. K.”’ to indicate 
that you have checked the count and have found it to be accurate 
within three words. 

3) Read carefully in The Teacher’s Worn Book the “In- 
structions for using The Teacher’s Word Book,” especially 
the last two pages of these instructions. Draw a black line 
under every word, including those in headings and in legends 
under illustrations, which does not appear in The Teacher’s 
Word Book. Do not underline people’s names or initials, even 
though they do not appear in the Word Book, since these do 
not add to the reading difficulty; but underline all geokraphical 


. 
a 


‘The author wishes to make grateful acknowl@dgment of the assistance of the following gradu- 
ite students of the University of Michigan: Gayla A. Gamble, Ruth Crossman, Mary L. 
Scriver, LeRoy A. Pratt, Grace E. Bagby, Vera Haven, Cora A. Smith, Myrtle B. Wilcox, 
Katherine E. Motherway, Lola A. Lambert, Carolyn K. Hartwell, Linda B. Varty, Otto N 
Norwalk, William F. Wileox, Gertrude H. Vanderberg, Victor L. Whittemore, Homer A 
Clark, Lofton V. Burge, Elmer A. Shumar, Aurie J. Dean, Thomas J. Gwynn, Floyd I. Leib, 
Byron J. Rivett, J. Walter Cowin, Frederic A, Scott, and George C. Kapnick 
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names which do not appear in the Word Book. Underline a 
number printed in figures only provided one of the words of 
which it would be composed if it were spelled out, does not 
appear in the Word Book; thus, you would underline 2,000,000,- 
002, because billion does not appear in the Word Book, but 
you would not underline 2,000,002, because both two and million 
appear in the Word Book. 

(4) Count all the underlined words and recount them until 
you are sure that the total for each article is correct. Write 
this number at the top of the article beside the previous total; 
underline it, and write “O. K.” beside it to indicate that you 
have checked the underlining and the count and have found 
both to be correct. 

There were no subjective factors in the investigation up to 
this point. In order to insure against errors in marking or in 
counting, at least two different graduate students made or 
checked the underlinings and the counts for each article. 

The author then reread the articles for the purpose of locating 
all the scientific terms appearing in them. He underlined these 
in red pencil. 

The decision regarding whether a given word or group of 
words constitutes a scientific term is more or less an arbitrary 
one, depending upon the connotation of the word or group of 
words in the particular passage in which it is found. For ex- 
ample, “‘acid’’ is not a scientific term in “an acid smile,”’ while 
it is in ‘‘an acid solution’; the word, “sucker,”’ as applied to a 
duped investor is not a scientific term, but it is a scientific term 
when used to designate a species of fish. 

To minimize the subjectiveness of the judgment with respect 
to whether or not a certain word were a scientific term, one or 
readers beside the author gave each article a critical 
No word was finally counted as a 


more 
reading for scientific terms 
scientific term unless there was unanimous agreement between 
the author and the other reader or readers that that particular 
word possessed scientific connotation in the sense in which it 
was used. While this procedure may have resulted in omitting 
from the final total of scientific terms an occasional word which 
a majority of opinions of a number of judges might have in- 
cluded, it was deemed likely to eliminate the “borderline cases” 
and to leave in the final count few or no words of doubtful 


scientific connotation. 


<> 
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The total number of scientific terms appearing in each article, 
when proved to be accurate by a recount, was written in red 
beside the two other totals at the top of each article, and was 
marked “O. K.”’ 

The articles appearing in full-page ‘‘Radio Sections” in three 
issues of the Portland Sunday Oregonian were treated as above, 
but the findings are here considered separately, because such 
articles are intended for the specialist and the expert rather 
than for the general reader, and because the science of radio 
is too new to have its complex and rapidly increasing terminology 
represented in the Thorndike list. The importance of the “Radio 
Section’’ to a constantly increasing number of readers of news- 
papers, however, entitles this material to serious consideration 
in this study. 

FINDINGS. 

1) There is no apparent relation between size of circulation 
or national importance of these six newspapers and the per- 
centage of scientific terms which appear in the miscellaneous 
scientific articles of the issues studied. The Bristol Herald- 
Courier has a larger percentage of scientific terms than the 
New York World, while the Houston Post and the Portland 
Oregonian, representing cities of approximately the same class, 
are respectively lowest and highest with 2.5 per cent and 6.1 
per cent. 

TABLE I. 
Word Counts of the Scientific Articles Appearing in Two Weeks’ Consecu- 
tive Issue of Six Daily Newspapers 
| | (Number of 
Number of|Number of] Scientific 
\Number of| Seientifie |Uncommon| Terms in 

















Name of | Words | Terms | Words  |the Unecom- 

Newspaper |mon Words 
New York World 59,880 2,447 | 1,830 | 711 
New York Times 59, 826 2,856 | 2,142 | 773 
Christian Science Monitor 26,814 836 1,032 297 
Houston Post 34,387 | S51 1,028 | 240 
Bristol (Va.-Tenn. 

Herald-Courier 24,011 1,135 853 | 267 
Portland Oregoniar 

(Miscellaneous 18%, 42S 2,937 2,134 | S11 
Portland Ore gontan | 

(Radio Section 18.317 1,740 | 631 178 

. | - 
Total 271,663 12,802 | 9,650 | 3,577 


(2) The percentage of “uncommon” words found in the 


\“ 


miscellaneous scientific articles is small, being on the average 
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only 3.6 per cent. This statement is equivalent to saying that 
out of approximately every twenty-eight of the words composing 
these scientific articles, all but one are included in The Teacher's 
Word Book. 

(3) The respective percentages of ‘uncommon’ words 
appearing in these miscellaneous scientific articles are approxim- 
ately equal. The range is from 3.0 per cent for the Houston 
Post to 4.4 per cent for the Portland Oregonian, while the 
average for all six newspapers is 3.6 per cent. If this meager 
sampling can be considered representative of American news- 
papers, then there is a surprising uniformity in the proportion 
of common words used in scientific articles in “small-town” 
and metropolitan dailies; a study of the materials indicates, 
moreover, that this fact is only partly accounted for by syndicated 
materials. 

TABLE II 


Perce nlage Based I pon the Word Counts of the Seve ntific Articles Appearing 
in Two Weeks’ Consecutive Issues of Six Daily Newspapers 


Pereentage of Percentage of Percentage of 
Scientific Terms} Uncommon /|Seientifie Terms 
Name of in Total Words in To-/| in Uncommon 
Newspapel! Vocabulary tal Vocabulary Words 
New York World t.1 3.1 | 38.9 
New York Times tS 3.6 36.1 
Christian Science 
Monitor 1 3.8 28.8 
Houston Post 2.5 3.0 23.3 
Bristol Va.-Tenn. 
Herald Courier 1.7 3.5 31.3 
Portland Ore gonian | 
(Miscellaneous 6.1 1.4 38.0 
Portland Oregoniar | 
Radio Section 9.5 | 3.4 75.8 
Average ° ‘.2 3.6 32.7 


(4) There is a considerable degree of uniformity in the 
respective percentages of scientific terms found in the ‘“un- 
common” words composing these miscellaneous scientific articles, 
The smallest percentage is 23.3 per cent for the Houston Post, 
and the highest, 38.5 per cent for the New York World, while 
the average percentage is 32.7 per cent. 

(5) As shown by the average for the last column of Table I], 
slightly more than two thirds of the scientific terms appearing 
in these miscellaneous scientific articles appear also in the 


5The percentages for the Portland Ore Radio Section are not included in these average 
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Thorndike list. It will be seen in Table II, moreover, that even 
in the “‘Radio Sections,”’ only 3.4 per cent of the words used 
fall outside of the Thorndike list, despite the highly technical 
nature of these articles, as indicated by the fact that 9.5 per 
cent of the words composing these sections are scientific terms 
and by the further fact that 75.8 per cent of the “uncommon” 
words appearing in these articles are scientific terms. 
IMPLICATIONS 

If we accept as a worthy and practicable aim of our schools 
the training of pupils for the worthy use of leisure) and if we 
further grant that, since the reading of newspapers is a leisure 
pursuit of practically all literate adults, the training of boys 
and girls to read intelligently the public press is a worthy objec- 
tive of our schools, then the training of our pupils to read with 
understanding and profit the scientific articles appearing in 
newspapers becomes a legitimate part of the broader culture. 

Finding 5 above would seem to indicate that spelling drill 
and word-building based upon the Thorndike list are sensible 
first-steps toward training pupils to read science appearing in 
newspapers. But unless pupils are given specific drill and train- 
ing in the scientific connotations of many of these common 
words, much of the science appearing in the newspapers can 
have little meaning for them 

The following paragraphs quoted from the articles used in 
this study illustrate this point: 

“The condensed mercury runs back by gravity into the mer- 
cury boiler. Thus the mercury vapor acts as a heat conveyor 
and at the same time delivers energy to the mercury turbine. 
This affords a means by which the temperature range of opera- 
tion is more than doubled as compared with ordinary steam 
processes and the efficiency consequently greatly increases. 
Means are also provided by which the flue gases are brought 
to temperatures equivalent to those used in steam processes 
by being carried through a steam supe rheater and a feed water 
heater.”’-—New York World, Dec. 7, 1923. 

“The flexible leads from the plugs on i honey-comb coil 
mounting have a habit of breaking when least expected. The 
trouble makes itself known by a loud cracking noise in the 
receivers.’’—Portland Oregonian, Nov. 18, 1923. 

“Not particularly. You are bound to hear a click in the 
phones on the instant the battery is connected into the circuit. 
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Whenever an electrical circuit is opened or closed quickly, 
magnetic lines of force are set up around the circuit which the 
telephone receivers register. It is quite likely that you did not 
notice the click before you took your receiver apart. Connect 
up the battery and see if you hear any radio stations. If you 
hear nothing, then you must have a loose connection, some- 
where or a short-circuit.’’—Portland Oregonian, Nov. 25, 1923. 

Only the italicized words in these paragraphs are ““uncommon”’ 
in the sense that they do not appear in the Thorndike list. 
Yet it is obvious that the significance of these passages would 


be grasped only by that occasional reader who possesses a 
knowledge of the sczentzfic connotations of many common words 
appearing in these paragraphs. 

This study, therefore, gives added weight to a conclusion 
from the previous study of this same material: 

If pupils are to receive in the schools adequate training for 
an intelligent reading of the science appearing in the public 
press, further studies should be made aiming to ascertain the 
scientific terms which appear most frequently in the daily press. 
The pupils must then be given specific training and drill, afford- 
ing them a familiarity with and an understanding of the scien- 
tific connotations of these more common scientific words, both 
those which are and those which are not included in lists of 
common English words. 

It seems probable that such a list of scientific words object- 
ively selected as a basis for training in reading newspaper science 
will be found to contain much of the special scientific vocabulary 
needed for an understanding of magazine science. 


THE VELOCITY OF A RIFLE BULLET. 
By N. F. Smiru, 
The Military College of South Carolina. 

The determination of the velocity of a rifle-bullet by means 
of the ballistic pendulum has long held a place in laboratory 
courses in Physics. The experiment is a most valuable one 
because of the number and importance of the physical principles 
involved. ‘The interest of the student is far greater if he uses a 
real rifle than if any ‘“‘pop-gun”’ device is employed. The experi- 
ment is not satisfactory, however, in one respect,—no check 
method is ordinarily available by which the student can tell 
whether his result is right or wrong. 
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An excellent form of this experiment was described by Klop- 
steg in a recent number of this magazine, (‘‘The Ballistic Pendu- 
lum,”’ School Science and Math. Vol. XXV, p. 694, Oct. °25) 
but the check method there described is, of course, impossible 
if a rifle is employed. 

The Ordnance Department of the United States Government 
employs a modified form of the Boulengé chronograph. This 
instrument is designed to measure the time which elapses be- 
tween the successive ruptures of two electric circuits. In front 
of the gun are placed two vertical screens, fifty feet or more apart. 
On each screen is stretched a continuous wire which passes back 
and forth to form a grid, the spacing of which depends upon 
the size of the projectile. Each wire forms a part of one of the 
two circuits. In passing through the screens, the projectile 
breaks, successively, both the circuits connected with the instru- 
ment. The chronograph records the time between the interrup- 
tion of the two circuits. From this, and the distance between the 
screens, the velocity of the projectile is known. 

This apparatus is too complicated and too costly for labora- 
tory use, and the following simple and direct method has been 
used in the writer’s laboratory with excellent results. 























A horizontal shaft of 5/8” steel, about eight feet long, is di- 
rectly connected through a universal coupling with the shaft 
of a one-quarter horse-power induction motor. The shaft and 
motor are mounted together on a two-inch plank, as shown in 
the figure. The shaft carries, at each end, a light card-board 
dise about 15 inches in diameter, the one farthest from the motor 
having a graduated circle engraved upon it. The rifle is clamped 
in a position parallel to the shaft and directly above it, so that 
the bullet will pierce each disc near the circumference. A suit- 
able barricade must, of course, be provided to stop the bullet. 
If the rifle is fired while the shaft is rotating, the hole in the 
second dise will lag behind the hole in the first by an angle pro- 
portional to the rate of rotation of the shaft, and to the time of 
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fight of the bullet between the dises. To measure this angle, 
the motor is stopped and the shaft rotated till the hole in the 
first dise is in line with the bore of the rifle, as determined by 
sighting through the open breech. The point where the line of 
sight meets the second dise is then read on the graduated circle. 

The speed of the motor may be determined directly with stop- 
watch and revolution counter, or more accurately, by the “meth- 
od of slip,’ deseribed in any laboratory book which deals with 
the induction motor. 

Using a .22 caliber army rifle, and a motor having a synchron- 
ous speed of 1200 revolutions per minute, the angle of lag is 
about sixty degrees. This angle can be measured to an accur- 
acy of 1-2 degree. The velocity determined is about 1000 feet 
per second. The results obtained by different students differ 
by two or three per cent, and the results obtained by this method 
differ from those obtained by the ballistic pendulum by about 
the same amount. This probably represents, not experimental 
error, but actual differences in the velocities of different bullets. 


SOME COMMENTS ON THE NATIONAL COUNCIL OF MATH- 
EMATICS TEACHERS’ YEARBOOK. 
By H. C. Wriacut 
Deerfield-Shields Township High School, Highland Park, I 


i 

Following the February meeting of the Council of Mathematies 
‘Teachers in Washington, their first yearbook was issued, and has no 
doubt found its way into the hands of many readers. It is to attraet 
the attention of mathematics teachers, especially the younger ones, 
that the writer of these comments has undertaken this brief summary 
of the contents of the yearbook 

The general theme of the yearbook is a survey of progress in the past 
twenty-five years in the teaching of mathematics in the United States 
To cover the era, there are nine papers, ¢ ight of which were prepare d for 
the volume and one of which is a reprint of the address of Professor E 
H. Moore before the American Mathematical Society in 1902.  Profes- 
sor David Eugene Smith contributes a survey of the progress of mathe- 
maties in our high sehools in the last twenty-five years. Professor 
Raleigh Sehorling, of the University of Michigan, makes suggestions for 
the solution of an important problem that has arisen in the last quarter 
of acentury: i.e., the problem of improving the scholarship of the high 
school pupil. Professor William D. Reeve, Teachers College, Columbia 
University, writes on the improvement of tests in mathematics Pro- 
fessor Frank Clapp, of the University of Wisconsin, reports some recent 
investigations in arithmetic. Mr. William Betz, of Washington Junio 
High School, Rochester, New York, discusses the development of mathe- 
matics in the junior high school. Professor Herbert E. Slaught, of the 
University of Chicago, writes interestingly on mathematies and the 
public. Miss Marie Gugle and others, of the Columbus Schools, Colum- 
bus, Ohio, tell of the reereational values achieved through mathematies 
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clubs in high schools. And to conclude the list of valuable contents, Mr. 
Edwin W. Schreiber, of Maywood, Illinois, gives a list of mathematics 
books published in recent years for our schools and for our teachers 

One who has taught mathematies in the publie and private high schools 
for the last twenty-five years—the period covered by this yearbook 
finds in it many of the topies he has heard discussed and the projects he 
has seen undertaken in the classroom. The nine papers of the volume are 
the work of some of the most widely known and successful teachers of 
mathematies in both the secondary and collegiate fields of instruction. 
These teachers have had their objectives, some of which they have ac- 
complished, and some of which they are now attempting to realize. 
Because of these circumstances, a reader has an excellent opportunity to 
acquaint himself with much worth while material. 

Even a causal perusal of the volume (and two hundred and ten pages in 
fair size type is easily browsed through), has its reward. An instance in 
point is found in Professor Moore’s ‘‘On the Foundations of Mathe- 
maties,’’ in which after a few pages he passes to the discussion of the 
elementary field and particularly to the high school materials and meth- 
ods. After reviewing the practices then current and undergoing changes 
in the British schools, he makes an appealing argument for the use of the 
laboratory method in teaching mathematics in the secondary schools of 
the United States. Much of the technique now coming into vogue with 
the program makers and the curriculum builders is suggested in this 
presidential address. Why not read it, then, and either refresh one’s 
memory or obtain new ideas for improving the classroom work? A 
second item is Professor Schorling’s statement that the real passing mark 
of our American secondary schools at the present time is somewhere be- 
tween 40 per cent and 50 per cent. He has lead up to this conclusion 


by a study of mastery in arithmetic and in algebra And it would be 
hard to gainsay him But he does not bring us to his somewhat startling 
statement and leave us without recourse. He has a job for the mathe- 
maties teacher that is worthy of his best mettle. His suggestions for 


improving the scholarship of the young pupils are of interest 

One of his proposals for the improvement of the pupils’ scholarship is 
an extensive use of the psychology of drill. He has a most interesting 
and detailed discussion of drill in algebra He is aware of much of the 
experimental study that has been made on drill technique and the re- 
sults of different time periods and different materials. The writer of this 
review has not seen as comprehensive a discussion of drill as it may be 
carried on in the high school classroom. Much of this discussion is most 
pertinent to our class room needs. 

The “General Survey of the Progress of Mathematics in Our High 
Schools for the Last Twenty-Five Years,’ by Professor David Eugene 
Smith gives the changes in arithmetic, algebra, geometry, and the uses 
being made of numerical trigonometry. The author reviews the in- 
fluence of three important mathematical bodies; the International Com- 
mission on the Teaching of Mathematics, the National Committee on 
Mathematical Requirements, and the College Entrance Examination 
Board The influence of these groups, together with the rise of the 
junior high schools, the improvement in textbooks, and the general spirit 
of the times, are the chief causes of the progress. In fact, Professor Smith 
finds the mathematical field to have advanced as markedly as any of the 
secondary fields of instruction. He gives an optimistie outlook for the 
subject in the schools. 

We have had a number of studies of tests used in the elementary school, 
but few of tests applicable to the secondary school. Professor Reeve has 
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had considerable experience in the endeavor to formulate tests in the 
mathameticeal field that might give diagnostic results which would im- 
prove the instruction. In his yearbook article, he proposes making the 
tests of a nature that will give the pupil a chance to keep his test record 
and to try for improvement, perhaps as a golf player does. Mr. Reeve 
puts the emphasis on the teacher’s tests being of the right character, 
rather than on the use of the so-called standard tests 

“The Development of Mathematics in the Junior High Sehool,”’ by 
Mr. William Betz of Rochester, N. Y., brings to notice a considerable 
number of the more important articles that have dealt with the mathe- 


matical side of the junior high school His experience in this division of 
the high school has been extensive and his references are most valuable 
He has discussed not only the subject matter but also the preparation of 
the teacher and other phases of the situation Some of these are the 
struggle between stratified and unified mathematies; ability grouping; 
use of standardized tests; the arithmetic situation; and the case of in- 
tutive geometry. 

In Professor Slaught’s short paper, we find one of his typical efforts to 
humanize mathematies. And to this end, he points out several impor- 
tant and most useful applications of the mathematical methods to the 
purposes of war, of industry, and of scientific investigations 

Perhaps the high school teachers fail to realize the extent to which the 
arithmetical difficulties prevail in the elementary schools. If so, Pro- 
fessor Clapp’s studies will have peculiar interest to us in the high school 
He reports several complete investigations and several now under way 

To the women was given the opportunity to make some fine suggestions 


for the recreational side of the secondary pupil's mathematies Mathe- 
matical clubs have long engaged the attention of Miss Gugle and her aids 
in Columbus. Them report is & most Concrets and valuable on It 
contains specimen programs that are rich in suggestion of the kind of 
thing that may interest the young pupil in mathematics. The Phil- 
adelphia ‘‘Enquirer’’ in its Sunday funny sheet last summer ran an alge- 
braic problem in story form and illustrated by a good cartoonist Any 
one of these would make an entertaining feature in a mathematies club 


program 
Though Mi Schreiber Ss book list Comes at the end of the volume, if 
might well be the first thing the reader turns to, for some of us read ow 


magazines trom the back rather than from the front In looking ove! 
his list one wonders why there has been a number of reprints of such 
titles as Jones ‘Mathematical W rinkles and Young's '¥ aching ol 
Mathe-maties in the Elementary and Secondary School It must indi- 
eate their lasting value These and other titles keep Mr. Schreiber’s list 


from being one of wholly recent titles However, this makes it no less 
valuable 

In Professor Moore's address, there is a Suggestion to use colored 
chalk. One experiment is to designate the angles of similar polygons 
by arrows of the same shade of color, and talk about these angles as the 
‘‘red’’, or the ‘“‘orange’’ angles instead of angle “‘A,”’ or angle “BAC 
It is quite possible that the pupils can follow the colors more readily 
than they do the literal notation Another suggestion in the address is 
for more use of cross-section paper. Many teachers have certain alge- 
braic equations solved graphically, but seldom have the pupils try to 
solve the verbal problems, such as the motion-type problem, or some of 
the problems involving the physies formulas Making the mathematies 
work more spectacular would seem practicable, and perhaps, also more 
interesting to the young student 
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While Professor Reeve does not mention the fact in his paper, he is a 
co-author of a very comprehensive and unique booklet of tests for use in 
the first year algebra classes. This is a book for the individual pupil to 
own and to keep as a record of his test performances. A reading of the 
Yearbook paper in connection with this booklet of tests would make the 
points in the article very conerete. With the test in his possession, the 
pupil could practice on the material for greater proficiency and by means 
of a similar test could show whether he had improved. Then with all 
his year’s tests in a well bound volume he ean see just what kind of a 


showing he made. Some of my readers will recall their old spelling 
tablets in which the teacher recorded the ‘100’ and other grades put on 
the papers from day to day. It was a durable record of one’s achieve- 
ments 


PROBLEM DEPARTMENT. 
ConpuctTeD By C. N. MILLs, 
Illinois State Normal Univer: ity, Normal, Ill. 

T his de partme nt aims to prot ide proble ms of varying de grees of difficulty 
vhich will interest anyone engaged in the study of mathematics. 

All readers are i ted to propose proble ms and to solve proble ms here 
proposed, Dra ngs to illustrate probli ms should be well done in India 
ink. Problems and solutions will be credited to their authors. Each solution 
problem, sent to the Editor, should have the author’s name 
introducing the problem or solution as on the following pages 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and proble ms to C. N. 
Vills, Illinois State Normal Uni ersily, Normal, Til. 

The Editor desires that more solutions of the High School Problems 
should be sent in. It ought to be an inspiration to the High School Pupils 
to see how the Master Teacher works in the same field of study. Along 
with the Solutions by the High School Pupils will be published the Solu- 
tions by the Master Teacher. In many cases the proposed problems are of 
a very elementary nature, while others may seem beyond the High School 
Pupil. 

Contributors to this department should give their street address when 
sending in problems and solutions. Many times the Editor desires to 
write to the contributors. The kd lor welcomes sugvestions re lative to 


improvement of this department. 


, . } 
Or proposer re 
i / l ’ 


Late Solution. 
921. Proposed by R. T. McGregor, Elk Grove, Cal. 

The square on the third diagonal of a quadrilateral inscribed in a circle 
is equal to the sum of the squares of the tangents to the circle from its 
extremities. 

Solved hy . a fl ( ford, Toronto, Canada. 

See figure on next page.) 

Describe a circle through EFC to cut AC at M. Then the quadrilateral 
ADF™M is coneyclic, as the angles at D and M are easily proved to be 
supplementary. 

(H)?=AF-AE =AMC. 
CK)? =CF.CD =CMA.-AC. 
AH)?+(CK)? =(AC).-(AM+C.M) AC)? 
SOLUTIONS OF PROBLEMS. 
931. Proposed by R. T. McGregor, Elk Grove, Cal. 
sinA +eosA +tanA +eotA +secA +eosecA =1. 
What is the angle A satisfying this condition? 











I. Solved by Michael Goldhbe rg, a ashington, dD. ft 
If all the functions are expressed in terms of the sine (s) and substituted 


in the given equation, after rationalizing, we get 
g* — g§ — g4 — 53 — 52? —3s = (0). l 
Removing the extraneous roots s =0, and s 1, the equation (1) reduces 
to 
g4—2s3 +- 52 —28 +3 =0. 2 

In equation (2) there are no permanences of signs, hence no negative roots 
There are no real positive roots in the interval 0<s<1. Hence no real 
angle will satisfy the given equation. 
II. Solved by Fred A. Lewis, University, Ala. 

Expressing the functions in terms of sinA and cosA, the equation re- 
duces to 
1+sin A+cosA 
sinA +eosA + th oan 


Setting sinA +cosA =X, and sinA ecosA = Y, we have XY —Y +X +1 =0. 
Making use of the relation X?—2Y=1, we get X?—2X+3=0. The 
values of X for this equation are imaginary, and there are no real angles 
which satisfy the given equation. Editor. The graphs of the two equa- 
tions shows that there are no real positive values of X. 
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Also solved by Walter R. Warne, University of Minn.; T. E. N. Eaton, 
Redlands, Cal.; and by P. H. Nygaard, Spokane, Wash. 

932. Proposed by Nathan Altshiller-Court, Norman, Okla. 

The perpendiculars from the orthocenter of a triangle upon the medians 
meet the corresponding sides of the triangle in three collinear points. 
The line through the points is perpendicular to the Euler line of the 
triangle. 





Solved by George Sergent, Tampico, Mexico. 

Solution I. Let ABC be the triangle, AA’, BB’, CC’ the medians; H 
the orthocenter, and O the center of the cireumcirele; O,, Oo, O; the centers 
of the cireumcircles of the triangles BHC, CHA, and AHB; N the center of 
the nine-point circle; P, Q, R the points where the perpendiculars HK,, 
HK., HK;. to the medians, meet the sides a, b, c; M,, Me, M; the centers of 
the eyclie quadril ite rals A’DHK,, B/EHKg, C’/FHKs. 

We have PK, -PH=PA’:PD. The nine-point circle, N, bisects AH, 
BH, CH, in Ly, Le, I 

AL, = L,H =OA’ =0,A’. 

In the parallelogram L,HO,A’, the diagonal L,O, bisects HA’ in M, 
ind being parallel to AA’, it is the perpendicular bisector of HK,. K, is 
the symmetric of H with respect to L,O;, and lies on the cireumcircle of 
the triangle BHC. We have then 

PK, -PH =PA’*PD =PC «PB, 
which shows that P is the radical center of the cireles M,, N, O;, and O. 
It lies also on the radical axis of the cireles O and N. 
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By considering the cyclic quadrilaterals B/EHK,;, C’FHK;, it can be 

shown that 
QK, -QH =QB’ -QE =QA :QC, 
RK; -RH =RC’:RF =RA «RB. 

Hence Q and R are, respectively, the radical centers of the groups of 
circles M., N, O., and O, and M;, N, O;, and O. Consequently P, Q, and 
R and on the radical axis of the cireles O and N, which is perpendicular 
to their line of centers, ON, the Luler line of the triangle. 

Solution II. This proof is based on the following theorem: Jn a 
quadrilate ral inscribed in a circle. the point of intersection of the diagonals, 
and the points of intersection of the 


opposite sides form a triangle in hich 
I d Y i 
each vertex s the ole of ti i te sid 


@ oppo lé. 








ABC is the given triangle; AD, BE, CF, the altitudes, meeting in H: 
AA’, BB’, CC’, the medians. The quadrilateral BFEC, whose diagonals 
are two altitudes of the triangle, is inscribed in the circle, center at A’ 
and of radius (a/2). 

Let the opposite sides EF and CB meet in P, and consider the triangle 
PHA. By the theorem quoted above, 

PH is the polar of A, 
AH is the polar of P, 
PA is the polar of H, 
with respect to the circle A’. This means that PH is | A’A, AH is | A’P, 
and AP is | A’H. Also 
A’A *A’K =A’P*A’D =A’J -A’H a/2)?, 

The LHK from H to the median AA’ coincides with the polar, PH, 
of the vertex A, with respect to the cirele A’, and meets the side a in a 
point P, intersection of EF and CB. 

PFE and PBC are seecants of the same cirele A’. But PFE is also a 
secant of the nine-point circle, N; PBC is a seeant of the cireumcircle, O. 

Since, by the circle A’, we have PE*PF =PC °PB, it follows that P, 
having the same power with respect to the ecireles A’ and O, N, is their 
radical center, and that it lies on the radical axis of the circles O and N. 
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Similarly, by considering the cyclic quadrilateral CDFA and its polar 
triangle QHB, the cyelie quadrilateral AEDB and its polar triangle RHC, 
it can be shown that the perpendicular from H to BB’ meets the side 6 
in a point Q, such that 

QF -QD =QA -QC, 
and also that the perpendicular from H to CC’ meets the side c in a point 
R, such that 

RE -RD =RA-RB. 

Hence P, Q, R are three points of the radieal axis of the circles O and N. 
The radical axis is perpendicular to their line of centers ON, the Euler 
line of the given triangle. 

Nolution III. Submitted by the Editor. 

Let the vertices of the triangle be represented by the following points; 

A (a, 0), B (b, 0), C (0, c); the medians are AD, BE, and CF; H the 
ab 

orthocenter having the coordinates] 0, — = * Let P be the point of 

intersection of side BC with the line through H perpendicular to AD; Q 

the point of intersection of the side AB with the line through H perpen- 

dicular to CF; R the point of intersection of the side AC with the line 

through H perpendicular to BE. The coordinates of the points are 


It is not difficult to show that the following determinant vanishes, 
which proves that the points P, Q, and R are collinear; 


hlal clahb—b | 
l 

4 } + Yah id h Pah 

%ah 

0) l 0 

a hy 
( al ( ( ab a 
( 1 Zab ‘ l Zab 


933. Proposed by Norman Anning, Ann Arbor, Mich. 

Find integral edges for a tetrahedron all of whose sides are right 
triangles. 

Solved by F. A. Caldwell, St. Paul, Minn. 

This solution concerns only tetrahedrons represented by the figure, in 
which the right angles are ABC, ABD, DCA, DCB. 

(See figure on next page 

If two integers exist (a and b) such that ab is a perfect square, the triangle 
having sides Vab, (a b)/2, (a+b)/2 will be right angled. The hypo- 
tenuse is (a+5)/2. 

Referring to the figure, BC and BD ean not be equal to each other be- 
cause BD is the hypotenuse of the right triangle BCD. Hence (AB)? 
must have two sets of two unequal, (both even or both odd) integral factors 
such that (since angles DCA and DCB are right and DC is integral) the 
square of half the sum of one set minus the square of half the sum of the 
other set, is a perfect square. Again the square of half the difference of 
one set minus the square of half the difference of the other set, is a perfect 
square. Let a and b be one such set of factors and c and d another; 
a>b,c>d,a>c. Then d>b. 

The edges of the tetrahedron will be as follows: 


AB = V/ab = \/cd, BD =(a—b)/2, AD =(a +b) /2, 
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D 














8 


BC =(c—d)/2, AC c+d)/2, 


pe= ¥(" = )-(37 v(° rb) (ety 


For example, take AB = 264, (AB)? =69696, 
a =2178, b =32, c=1056, d=66. Then BD =1073, 
AD =1105, BC =495, AC =561, CD =952. 


Again, take AB = 153, (AB)? = 23409, 
a =289, b=81, c=1377, d=17. Then BD =680, 
AD =697, BC =104, AC =185, CD =672. 


This solution is only a special case. From the standpoint of Number 
Theory it should be interesting to receive a general solution giving sets 
of integers which satisfy the conditions of the problem. Editor. 

934. Proposed by George Sergent, Tampico, Mexico. 

Given the feet of the perpendiculars dropped from the intersection of 
the diagonals of a quadrilateral to the sides; construct the quadrilateral. 

Solve d by the Proposer. 

Analysis: Suppose the problem solved, ABCD being the required 
quadrilateral; E, F, G, H, the projections on the sides a, b, c, d, respective- 


ly, of the intersection, O, of the diagonals. AB and CD intersect in | 
AD and BC in J. 


a 





> + | | 
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AEOH, BFOE, GGOF, DHOG are coneyelie quadrilaterals 
we see that each of two segments 


of 


Supposing their circumeircles drawn, 
a side of ABCD is a chord subtending two equal angles, one at O, and the 
other at the projection of O on the adjacent side. 
AE subtends the equal angles AOE and AHE h and ke’ 
BE subtends the equal angles BOE and BFE (/ and I’). 
BF subtends the equal angles BOF and BEF (m and m’ 
r,s, be the eight inscribed angles at O, and 


Let k,l, m, n, p, 9, 
5,6. 8, 8, f ‘. their equal inseribed angles at FE, F, G, H, 
respectively. 
ZAOB =k+l=! ZCOD =p+q=p'+¢q’. 
In the triangle AHE, k’ LSO A+s’ 
In the triangle BFE, l’ =180 B+m’). 
Hence, k’ +l’ =180 A+B) +180 s’ +m’) =J+KE. 2 
In the triangle CFG, p’= ZJCD—n’. 
In the triangle DHG, q’ = ZJDC—r’. 
Hence, p’ t q’ ZICD+ ZJIDC n’ 
= 180° —J —(180° —G) =G —J. 
Hence, J+E =G —J, from which we get J 14) (G E). } 
In the same way, we find I lo) (F —H). 
We have then: 
ZGOE =180° —I =180 4) (F—H), 


FOH =180° —J =180 14) (G—E). 
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These angles are determined by the data. 

Construction: On the diagonals GE and HF of the quadrilateral whose 
vertices are the given points, construct the ares containing the angles 
GOE and FOH, respectively. Their intersection determines the point O 
which is the intersection of the diagonals of the required quadrilateral. 
The perpendiculars at E, F, G, H, to OE, OF, OG, OH, respectively 
determine the required quadrilateral ABCD. 

935. For High School Pupils. Proposed by Ivar Highberg, North Central 
High School, Spokane, Wash. 

To determine the distance between two inaccessible points A and B, 
two points C and D were taken, and the following measurements were 
made: (ABCD represents the order of the letters) DC =850 feet; Z ABD 
60°; ZBDC =30°; ZACD =30°; ZACB=90°. Compute AB without the 
use of Trigonometry. 

Solved by Tillie Dantowitz, Kensington High School, Phila., Pa 


A qt 





Fp------- 





The triangle EDC is isosceles. Let EC=ED=z. Construct a per 
pendicular EG to DC. The triangle EDG is a 30° —60° right triangle, 
and EG=2z/2. It follows that DE =850./3/3 feet. 2Z2DBC =30°, and 
BEC =60°. In triangle BCE, 

BE =2 CE =1700V/3/3 feet. 
Drop perpendicular BF on DA produced. Since Z ADF =60°. 
FD =BD/2 =425/3 ft. Also BF =1275 ft. Since ZAED = Z BEC =60°, 
the triangle ADE is equilateral. AD =ED =850¥73/3 ft. 
FA =FD —AD =425+/3/3 ft. AB =/BF?+ FA? =850/21/3, or 1298 tf 

Also solved by John M. Adair, Ovid High School, Ovid, N. Y.; and by 

the Propose rT. 
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PROBLEMS FOR SOLUTION. 


946. 
Show how to bisect a given are by means of a compass only. 


Proposed by Philomathe, Montreal, Canada. 


947. Proposed by Norman Anning, Ann Arbor, Mich. 
Show that the following expressions is independent of A: 
cos? (A —B) +eos?(A —C) —2 cos(A —B) eos(A —C) eos(C —B). 


948. Proposed by F. A. Caldwell, St. Paul, Minn. 


X is an integer which is not a prime number nor the double of a prime 
number. Show how to find , in terms of factors of X?, the sides of sealene 
triangles (acute, right or obtuse) whose sides and areas are integral and 
whose altitude is X. 

949. Proposed by Daniel Kreth, Wellman, Jowa. 


Given sinC = 12/13, the difference of the sides, including that angle, 
equal to 45, and the radius of the inscribed circle equal to 75, to construct 
the triangle and calculate its sides. 

950. For High School Pupils. Proposed by 
Vorman, Okla. 


Nathan Altshiller-Court, 


Through two opposite vertices of a given parallelogram two lines are 
drawn meeting the sides of the parallelogram in four points which deter- 
mine four new lines. Prove that two of these lines are parallel, and the 
other two meet in a point collinear with the other two vertices of the 
parallelogram. 
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SCIENCE QUESTIONS. 
CONDUCTED BY FRANKLIN T. JONES 
The White Motor Company, Cleveland, Ohio 
Please address all communications to Franklin T. Jone s, JO109 Will 


Avenue, S. EK. Cleveland, Ohio. 
QUESTIONS AND PROBLEMS FOR SOLUTION AND 
DISCUSSION. 
Comparison of Examinations Questions—Progress or Not? 
LS2Z, Hou much diffe nce exists between the teacl ng of Botany tod 1 
and twenty years ago? 
a. Subject matter; 
b. Laboratory work; 
C. Method of conducting classes; 
d. Demonstrations; 
e. Examinations and examination questions; 
: Applieability Lo daily life; 
g. Distinet improvements; 
h. Retrogressions—If worse, specify exactly how and where 


The above questions offer opportunity for the readers of this de part- 
ment and for all who are deeply interested in the improvement of science 
teaching in general to express either their satisfaction or dissatisfaction 
with present conditions 


COMPLETE ANSWERS ARE NOT EXPECTED. 
Send in your ideas on any one or more of the se parate questions Pl 
be prompt. Do it now! 


COLLEGE BOARD EXAMINATIONS—BOTAN Y—1906-1926. 


A comparison of the papers that follow will give some food for tho 


imswe thie é 107 asked abo 


TWENTY YEARS LATER 
BOTANY 1926 
Friday, Jur 5, 1926, 9a.n Two hours 


Answel! three questions of each group and one additional question W hich 


may be selected from any group. Candidates are advised to apportion 
the time wisely among the ten questions answered. Number each an- 
swer to corre spond with the question selected. 
GROUP ] 
1. Name three features that m iy appear in leaves of plants growing in 
arid regions. Expl iin the advantage of each one. Name t 


wo plants 
illustrating each feature. 

2. Define ten of the following terms: prothallium, petiole, cellulose, zoo- 
spore, calyptra, nectar, hybrid, perianth, monoecious, chromosome 
respiration, rhizoid, gamete. 

3. What are the characters by which you would distinguish the cross- 
section of a young root trom that of astem? Name three modifica- 
tions of the root and state the benefit to the plant of each. 

1. Explain the structure of a winter bud. State the functions of each of 
its parts. What happens when it opens? How does it differ from 
an embryo? 

5. Write down the letters a through j in your answer book and after 
them place the word or phrase selected from among those in italics 
which most accurately completes the following statements: 

a) The structure from which the seed develops is called a seedl 
embryo, ol ile, eqg-cell. 

b) The region of elongation in a root is the root-lip, meristem, root 
cap, ceé ntral « ylinde r. 

c) Exeurrent trees owe their shape to the vigor of the terminal | 


lonaq internodes, crowding by other trees, heliotropism. 
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d) The chromosome number in the sporophyte is half, 

that of the gametoph yte. 

é The potato tuber is a thickened root, bud, 

f) The stamen corresponds morphologically to the 
of the lowe jy plants: antheridium, ascus, Spo? 


same as 


spe rm cell. 


g) A fruit which remains closed 


inde 


aggregate, a pome, 


h) Transpiration is most useful to the 


; 


plant, gets 


hisce? t. 


rid of injurious vate 
plant, gets rid of other 


do ible. fhe 


ootstock, seed, stem. 
following organ 
oph yll, sporangium, 
after maturity is called fleshy, dry, 
UCCOERSO?T "YU. 

pl: int because 
T< alloy ‘ t ; ate fo ¢ rile thie 


7 
it cools the 


wastes. 
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6. 


s. 


12 


i) A species whose members show individual flowers possessing 
stamens and pistils of two markedly different heights is called 
dichogamous, dimorphic, dioecious, dicotyledonous. 

j) The structure around which starch is deposited in algae is called 
the centrosome, pyre noid, vacuole, chloroplast. 

Group I] 
Concerning secretion in plants name 

a) three specialized regions from which secretion may occur, 

b) the kind of material secreted in each case, 

c) the role of these secretions in the plant. 

In one word give the name for: 

a) the growing of the stem towards the light 

b) agents that bring about digestive changes in foods 

c) the contraction of cell contents due to the withdrawal of water by 
osmosis 

d) the food material outside the embryo of a seed 

e) the leaf-bearing region of a stem 

f) the transfer of water from the root to the stem of a woody plant 

g) rigidity of a cell due to a high water content 

h) the ovule-bearing tissue of the pistil 

Answer four of the following: 

a) Is light necessary for germination? Why, or why not? 

b) Tell with reasons whether you think annual or perenni il species 
would suffer more by a failure of the flower to set seeds. 

¢ Tell why seeds of (tomatoes, for instance may often be started 
in a much poorer soil than the kind the plant needs at a later 
date. 

d) Why are oxygen and moisture necessary for germination 

é Why does the tap root of the seedling grow down into the soil 
while the lateral roots grow out from the tap root at various 
angles? 

Copy the following sentences, omitting any words which make the 
statements incorrect: 

a) The function of bud seales is to protect them from cold light, 
evaporation. 

b) Potatoes, carrots, onions, are storage roots. 

c) Decay is caused by air, algae, bacteria. 

d) Light is essential for the manufacture of sugar, proteins, fat. 

e) Photosynthesis is carried on by Rhizopus, yeast, fern prothallia 

f) The tip of the root is protected by root hairs, epidermis, cap 

g) The osmotic membrane in the plant cell is the cell wall, proto- 
plasm, cutin 

h) The prothallium, stem, leaf, belong to the sporophyte generation 
of the fern. 

i) The process of mitrosis results in an equal division of the cell 
sap, cytoplasm, nucleus. 

j) A grain of corn, a cabbage, a pea, is a fruit. 

Tell with reasons whether the following statements are true or false: 

a) All responses to stimuli in higher plants are due to unequal 
growth. 

b) Root hairs develop more abundantly in moist soil than in dry. 

c) Alternation of generation is found only in the mosses and ferns. 

d) The corn grain shows hypogeal germination. 

e) The plant cell consists entirely of protoplasm of one kind or 
another. 


Group III 
What structural or physiological characteristics must a plant have to 
make it (a) a good source of fiber, (6) good material for fence-posts, 
(c) a source of rubber, (d) a good root crop, (e) a good fertilizer? 
With the understanding that immunity to rust is a recessive quality 
and susceptibility a dominant quality in wheat, answer the following: 
a) If from the cross of a susceptible and an immune variety there are 
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480 individuals produced, tell how many will be immune and 
how many susceptible. 

b) If we inbreed the individuals produced in (a) and obtain 480 
seeds, tell how many will produce immune and how many 
susceptible plants. 

é If we inbreed the offspring of an early-ripening susceptible wheat 
and a late-ripening immune wheat and get 480 new plants 
understanding that late-ripening immune is the dominant 
characteristic) give the numbers and deseription of four 
different types that will be formed. 

Ls. a) Describe two types of seale leaves one of which is useful to the 
plant and to man State the use of each type to the plant. 
Give ex imple S. 

b) What is cork? Describe its structure and formation. 

14. What are the methods of combating five of the following diseases: 
wheat rust, damping off fungi, downy mildew of grape, 
potato wart, pine blister rust, potato blight, black knot, apple 
rust, chestnut blight? 

15. Name three commerci illy important derivatives from the bark of 
plants; three substances contained in leaves’ which may 
make them valuable as food; three useful seed products; on 
substance other than food derived from fruits. 


‘83. Contributed by C. W. Weaver, Grafton, W. Va. 
Recently used in the Gr ifton High Se hool. 
a. What comments on the relative excell nce of thissty le of examination 
b. Just what does it find out? 
c. Does it show how much the pupil knows? 
CHEMISTRY EXAMINATION. 
In each of the statements there are several choices for the last word o1 


groups of words. One or more than one will make the statement correct. 


Under-line all of these that make correct statements. 
1. Oxygen is found (1) in water, (2) in the air, (3) in pure metals, 
t) in the earth’s erust, (5) in all pl ints and animals. 

2. Oxygen may be prepared, (1) by heating metals in air, (2) by 
electrolysis of water, (3) by heating Potassium Chlorate with manganese 
dioxide } by heating mereury oxide (5 by the reaction of certain metals 
on water, (6 by the evaporation of liquid air. 

3. The following are properties of oxygen, (1) heavier than air, (2 


very soluble in water, (3) unites rapidly with most elements at a low tem- 
1) does not unite with other elements at a high temperature 


t 
$4. Pure oxygen is used, (1) in the treatment of typhoid, (2) by aviators 


it high altitudes, (3) in fire extinguishers, (4) by rescue parties in mines. 
D. In the human body oxygen l purifies the blood, (2) builds ip the 
tissue, (3) aids the circulation t) slowly oxidizes the tissue furnishing 
heat to the body. 
6. Hydrogen may be prepared (1) by the reaction of certain metals 
on water, (2 by the re vetion of certain metals on oxygen, (3) by the reac- 


tion of certain salts on acids t) by the electrolysis of water. 
7. Pure Hydrogen gas is used (1) in balloons and airships, 
marines, (3) to convert certain oils to hard fats, (4) in the oxyhydrogen 


2) in sub- 


torch. 

8. By volume water is composed of (1) 2 parts oxygen and | part 
hydrogen, (2) 8 parts oxygen and 1 part hydrogen, (3) 1 part oxygen and 
2 parts hydrogen, (4) 2 parts hydrogen and 1 part nitrogen. 

9. Samples of a pure substance from any place in the world will (1 
sometimes contain (2) always contain, the (1) same elements, (2) different 
elements, in (1) different, (2) the same proportions of weight. This is a 
statement of the law of (1) conservation of matter, (2) definite proportions, 
3) solubility, (4) multiple proportions. 

10. By the Reacting weight of an element we mean the number of 
parts by weight of the element that combine with or replace (1) 1 part by 
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weight of Hydrogen, (2) 8 parts by weight of Hydrogen, (3) 1 part by 
weight of oxygen. 

ll. Ina true solution particles of the dissolved substance, (1) can be 
seen, (2) do not settle out, (3) are uniformly distributed in the solvent, 
1) cannot be seen. 

12. A dilute solution is one containing, (1) a large amount of the 


| 


dissolved substance. 4 


as much of the dissolved substance as it ean hold 
3) a small amount of the dissolved substanee 

13. A erystaline substance that loses its water of erystalization on 
exposure to air is (1) deliquescent, (2) effervescent, (3) hygroscopic, (4 


( fllore scent 
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Professor of Zoology, and Waterman Research Associate Indiana Uni- 
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General Botany b (’, Stuart Gave P] D., Se D., Ph. D Director of 
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New Complete School Algebra, by Herbert E. Hawkes, Ph. D. Pro- 
fessor of Mathematies in Columbia Unive rsity, William A. Luby, A. M. 
Head of Department of Mathematies in Junior College of Kansas City, 
Frank C. Touton, Ph. D. Professor of Edueation in the University of 
Southern California. Cloth. Pages vii +625 12x18 em 1926. Ginn 
and Co. Price $1.60 

Junior High School Mathematies, Book III, Revised Edition. by 
George Wentworth, David Eugene Smith and Joseph Clifton Brown 
Cloth. Pages iv+338. 12x19 em 1926. Ginn and Co. Price $1.20 

The Comprehensive High School, by Milo H. Stuart, Pr 
the Arsenal Technical Sehools Indianapolis Cloth vil+12 
em. 1926. The Maemillan Co. 

Freshman Hygiene, by Raymond C. Bull, A.B., M.D. Direetor of 
Student Health Service, Lehigh | niversity and Stanley Thomas, M.S., 
M.A. Associate Professor of Bacteriology, Lehigh Universit Cloth 
Pages x +288. 13x20!5 em 74 illustrations. 1926. J. B. Lippineott 
Co. Price S200. 

Elements of EKceonomies bi Charles Ralph Fay M \ Ker mus H ill 
High Sehool, Brooklyn, N. ¥ Cloth Pages vii +631 13x20 em. 
1926. The Maemillan Co 

The Dial Machine, An Apparatus for the Elementary Mathematieal 


cipal of 
12x18 


Laboratory, by | Be S | LLOtt Paper. YS pages 12x18 Cl 1926 
The Peterborough Press, Ltd., Cross Street, Peterborough Price 4/6. 
Laboratory Manual of High School Geography, by E. E. Ran sey, 


A.M., Professor of Education, State Normal School, Terre Haute, In- 
diana, and J. A. Price, formerly head of the Department of Physiography, 
Fort Wayne High School, Fort Wayne, Indian Paper. Pages ii +202 


20 x27 em. 1926. The Maemillan Co 

Arithmetic Work-Book, Grade 7, by F. B. Knight, G. M. Ruch and 
J. W. Studebake1 Paper. Pages iii+74 20x28 em. 1926 Seott 
Foresman and Compan Py ct Pupils’ Edition » cents T hers 


Edition 48 cents 
The M. O. S. Book, bh C. H. Ward, Paper. 215 pages 17 X24 em 
1926. Seott, Foresman and Co Price 60 cents 
PAMPHLETS RECEIVED. 


Eye Sight Conservation Bulletin No. 5, published by the Eye Sight 


Conservation Council of America, Times Building, New York City 
Paper. 95 pages. Price 40 cents. Contains lecture material nd a 
eatalog of lantern slides for use of speakers Wishing to assist in the eye 


sight conservation movement 

Objective Tests for High School Physies, by C. J. Peters and R. K. 
Watkins, University of Missouri, Columbia, Mo. <A 36-page pamphlet 
of tests which will be n ied Tree to phy si¢s teachers who will cooperate 
in standardization 

Pupils’ Outlines for Home Study in Connection with School Work, 
North America and South America, by George J. Miller, State Teachers 
College, Mankato, Minn. P per 1 pages. Single copies 20 cents 
with discount for ten or more copies. 

An Outline for Dictionary Study based on Webster's Collegiate Diction- 
ary G. & C. Merriam Company, Springfield, Mass. This 12-pag 


| 


to use a dictionary in studying, 


pamphlet is a valuable aid in teaching how 
spelling, pronunciation, derivation, definition, usage, ete. It should 
be in the hands of eve ry student who has not mastered the use of the 
dictionary 
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A Preventable Disease, 20 pages, are two bulletins published Dy the 
American Association for Medical Progress, Inc., 370 Seventh Avenue 
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BOOK REVIEWS. 

Pupil Adjustment in Junior and Senior High Schools, by William Claude 
Reavis, Assistant Professor of Secondary Education and Principal of 
the University High School, University of Chicago. Cloth. Pages 
xvili+348. 12x19 em. 1926. D.C. Heath and Company. 

“The student in difficulty ...... has become a challenge to the 
teacher and the principal. He has become a prospect of unknown value.”’ 
Recognition of this idea prompted Dr. Reavis to make the long and 
careful study of misfits in school of which this book is a report. 

The book is composed of three parts. Part I gives a clear statement 
of the problems of maladjustment; shows how the case method has been 
developed in medicine, social work and related fields; and explains the 
technical application of a similar method of procedure in the field of 
education.” Part II is the history of a number of the cases studied 
not theoretical pupils whom the author could make act to fit a theory, 
but pupils of the University High School. They are all typical cases 
including deficient previous school training, physical disability, endocrine 
deficiency, speech disability, and other cases all common in any school 
but frequently ignored or not recognized. The study of each case gives 
in detail (1) the diagnostic procedure, (2) the remedial treatment pres- 
scribed, and (3) the effect of this treatment. The third part of the book 
consists of three appendixes giving (A) Selected references on pedagogical 
case accounts, (B) Selected references on medical diagnosis, and (C 
Forms used in recording personnel data on pupils enrolled in the Uni- 
versity High School. 

This book is a pioneer in its field. It will be a great help to school 
administrators, supervisors, and teachers. Social workers will find it 
interesting and valuable. The author does not claim to have found a 
cure for all educational ills due to maladjustment but he has shown 
some definite things that can be done for the fifteen or twenty per cent 
of failing pupils in nearly every high school which will result in permanent 
advantage to them. In reading the book one becomes conscious of the 
serious error of many schools or entire educational systems that make 
no provision for scientific diagnosis and treatment of individual cases 
but seem content with giving all pupils the same treatment and expecting 
100°, ‘sueeess in results. G. W. W. 
A Second Course in Algebra, by J. C. Stone, Head of the Department of 

Mathematics, State Normal School, Montclair, New Jersey, and H. F 

Hart, Head of the Department of Mathematics, Junier and Senior Higl 

Schoots, Montclair, Ne Jersey pp 294 I3xl9 em. 1026 Chicago 

Benj. H. Sanborn and Company. 

The authors have attempted to arrange topics in such a way that a 
foundation is laid for each subsequent skill and further that each skill 
is kept constantly in play. 

Considerable attention has been given to the notion of f inctionality 
The technique of problem solving is developed. There is a chapter on 
applied trigonometry and there are topies of an advanced character which 
will appeal to the bright pupil. J. M. Kinney 
Junior V athematics, Book Ill, by Ernst R Bre slich, Assistant P OJ €8soT 

of the T eat hing of M uthemati« . the Colle ge of Education, and Head os the 

Departme nt of VU athematics, the University Hig! School of the University 

of Chicago. pp 254. 13 5x19 cm. 1926. New York Maemillan. 

One who is not acquainted with the first two books of Prof. Breslich’s 
Junior series would be surprised to find in this third book material which 
is usually found in the so-called advanced algebra of the senior high 
school. In facet a pupil who has completed the work outlined in the three 
books of this Junior High School series will not only have mastered the 
requirements of the Senior High School but will also have acquired a 
large amount of intuitive geometry. 

In this volume there are many noteworthy features. The notion of 
functionality is stressed. Material has been carefully chosen. ‘There is 
no “‘excess baggage.’’ There are many sets of problems all of which raise 


genuine mathematical questions. There are many drawings which are 
designed to add econereteness to the work and to give to the pupil a feeling 
that algebra is a useful tool for solving our problems J. M. Kinney 
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\ ISS Price is another one of the hundreds of educators who are enthusiastic 

about the Spencer Film Slide Delineascope and Service. To use her own 
words—‘‘I view it as a chance for clear decisive teaching. Then too, the De- 
lineascope way is so much easier and cheaper than the lantern slide method 
that it recommends itself to anyone who realizes the value of visual instruction.” 

You too should know the many ways that this new machine and service 
ean make your classroom work easier. The coupon will bring you worthwhile 
information. Send it now. 


SPENCER LENS COMPANY 








19 Doat Street Buffalo, N. Y- 
Oe 9 ee Oe ENED CRS ReeeeeaeesSs— 7 
: Please tell mer 1 s and how they'll make my classroom work 
s1eT 
- ! 
| Addr | 
1 ¢ | 
| Ir | 
| | 
Bo seen cen can cae eum Guns GED CensD GED GEEED GEE GUDD GED GED GED GHED GUND lbw EDD mules Gal GHD Ne: Gm lls eu ins ent ecb ie iin ail 
a 














REVIEW QUESTIONS | 
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Arithmetic Work-Books, Grade Three, By F. B. Knight, G. M. Ruch. and 
J. W. Studebaker pp. 80. Pupils’ Edition, $.36, Teachers’ Edition 
$.48. Chicago: Scott, Foresman and Company 
The authors announce that with the publication of this book, the Work- 

Book series is complet for ll grades from the third to the sixth inelus ve 
“The findings of research in prac tical form for class use characte rizes 

these new practice books. Used with any basal Arithmetic text book these 

WORK-BOOKS supply the scientifically distributed drill and the fre- 

quent standardized tests which many textbooks lack 
“There are 30 work-units, each containing a standardized di 

with study material and practice work. The pupil's progress chart en- 


ables him to write his own record of improvement, while in the Teachers 
Edition a class progress chart shows the standing of the entire group An 
introductory section ims up the arithmetic knowledge acquired during 


the previous year \ true-false test forms a final examination of the 
book.”’ 

These books are written in an attractive style. There are many illus- 
trations and drawings. It seems to the reviewer that children furnished 
with these attractive boe uuld take great delight in ‘‘doing rith- 
metic J. M. Kinne 
The New Mathemat Books One and Two, by John C. Stone, State N al 

School, Montclair, New J: y¥. 1926. Chicago: Benj. H. Sanborn and 

Company. 

These books are designed for the first and second year of the Junior 
High School The author believes that a pupil entering 
has a right to expect a new nd of mathematics in place of a review 


and continuation of the work of sixth year Accordingly he introduces 
material at the outset whicl to the pupil 

The first chapter opens with the project of laying out a ten irt 
Frank and Charles in m« iring with a foot rule discover they do not 
get t he Same measurement tl t t he ‘ obtattr W th i \ ird ti Thus 
they are led to discuss sources of error and finding amounts of error 
Then comes the probiem ol! ng out sq e corne!l nd fir the 


construction of a plan of the e« 


As a second project Doroth nd Helen mount some picture This 
introduces the use of compasst nd the T-squar 

These illustrations indicate the character and treatment of the subject 
matter The pupil WOrks t nter ting ! te He tinds that 1 the- 
matics is a useful subjé 

During the two years rk the ithor aims to give the pupil much 
of the practical uses of mathematics as he is able to comprehend; to give 
him sound mathemat | training in thinking in terms of quant tive 
relationships; to give | tion of the part ] | the 
matics In Our present ClV tio! ind to help him see the beaut ol 


geometric il di Sign in natul t nd indust1 J NM K ( 

A Survey Course in Math wy N. J. Lt é Profe f Mathe- 
matics, University of Mi: h the I fo Coo pe m.8 
Slaught, Profe of Math the l ersity of Cl pp. 212 
14.5x2l em. $2.00. 1926. Ne York: Harpers 


In recent years there has arisen a feeling on the part of a great nur r of 
yeople that an attempt s! 1 be made to present to the student of the 

I 
junior college entering upon a irse i! I field a survey of tl ourse 
which would orient him not y with respect to the particular subject 
but with respect to other su t Thus a course in mathematics should 
be offered to a freshman which will give him an idea as to what more ad- 
vanced mathematics has to offet nd how the sciences, numerous « l- 
pations, in fact, our present material civilization depend vitally upon it 

It is from this point of view that Professor Lennes has writt« this 


survey course in Mathematics 

There are four chapters f A I. Trigonometry; Il. Functions 
and Their Graphic Representation; III. Derivatives and Their Uses; 
IV. The Integral and its 

The book is written in a styl which should hold the interest of any 
student J. M. Kinne 
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Replaceable Unit Furnaces 


Standard Apparatus for 
Determination of Ash 


Supplied in muffle form as per cut, 
also in crucible and in tube form. The 
tube form is regularly used for organic 
determinations. 

Superior insulation gives greatest 
length of life to the heating units and 
lowest consumption of current. Size of 


PT) 


muffle—from 7” x3%” x 2%” up. 





Write for Bulletin 267 which gives full details and prices 


EIMER & AMEND 


ESTABLISHED 1851—INCORPORATED 1897 


He adqua rters for Laboratory A pparatu and Chemical Reagents 


NEW YORK, N. Y. 
Third Ave., 18th to 19th St. 











Have you considered: 





Smith’s Elementary 
Chemistry 


Revised by 
JAMES KENDALL 
with the collaboration of five well-known 
high school teachers 


“A REAL text that will live because it is solid, logical, and 
accurate, and because it is not a fad type,” says L. K. 
Replogle of the Roosevelt High School, Dayton, Ohio. “It sets 
before the student a real example of straight thinking and neces- 
sitates the forming of logical thought habits.” 
lhe revised Smith’s chemistry is an up-to-date practical book, 
admirably designed to serve the high school teacher and interest 
the high school pupil 


For further information address 


353 ee, Seveme THE CENTURY CO. a 





Please mention School Science and Mathematics when answering Advertisements. 








1020 SCHOOL SCIENCE AND MATHEMATICS 


T he a ork of the Colle ge Entrance Examination Board, 1901-1925. Cloth. 
Pages ix+300. 15x23 em. 1926. Price $4.00. Ginn and Company. 
Here is a book which deserves the attention of teachers, supervisors 

and administrators in all departments of our educational system. To 
many the title is uninviting. They should first read the subtitle: ‘“‘The 
Solution of Educational Problems Through the Cooperation of All Vitally 
Concerned.’” Those who regard written examinations an evil should 
read a few extracts from this extraordinary volume. On page 163 the 
secretary for the year 1919 sums up the values of written examinations 
to students. Page 202 discusses the trustworthiness of the Board’s 
examinations; page 53, the validity of the Board’s measures, showing the 
correlation between the rating obtained by means of the entrance examina- 
tions and the academic standing of students. 

All will be interested in the first forty-three pages containing an article 
by Nicholas Murry Butler on ‘‘How the College Entrance Examination 
Board Came to Be.” “A Brief History of the College Entrance Examina- 
tion Board” and *“‘The College Entrance Examination Board a Retro- 
spect and Prophecy”’ by Wilson Farrand, “The Art of Examination”’ 
by A. Lawrence Lowell. ‘‘Has the College Entrance Examination Board 
Justified Its Quarter Century of Life’’ by Henry S. Pritchett, and ‘““The 
College Entranee Examination Board Pioneer in the Solution of Eduea- 
tional Problems by the Cooperation of Those Concerned” by Julius 
Sachs. 

The next twenty pages are concerned with the “‘scholastic aptitude 
test’’ or that type of tests known as “‘intelligence tests,’’ “‘mental ability 
tests,’’ ete. This is followed by a large section of the book giving digests 
of the publications of the Board. 

When one notes the phe nomenal growth of the work of the Board, 
starting with less than 1000 candidates in 1901 and examining nearly 
20,000 in 1925, he is impressed with the influence it exerts over both 
secondary schools and colleges; but this influence does not end even 
here for the investigations and reports of its committees are followed 
and studied by educators eve ryw here. G. W. W. 
Mathematical and Physical Pam 19038-1913, by Benjamin Osqood P é, 

Late Hollis Professor of Mathematics and Natural Philosophy in Har- 

vard University. Cloth. Pages viili+444. 15x23)% em. 

tions. 1926. Harvard University Press. Price $5.00. 

This is a truly wonderful series of papers by a great thinker. Professor 
Peiree was one of that small group of investigators who did not get too 
great nor too busy to write out the results of his studies in clear, concise 
language. It is indeed fortunate that these papers have been collected 
from the various volumes of Proceedings in which they were originally 
published, and are now offered to students of science in a single volume, 
which is itself a work of art. The author has supplemented his deserip- 
tions of methods employed, of apparatus used, and of the results obtained 
by many photographs, dr iwings ind graphs. He has recorade d comple te 
table s of data and results ind has deve loped the mathematical theory 
involved. 

The book consists of twenty-one papers. Of these, four a strictly 
mathematical in character; one deals with the damping of oscillations 
by air resistance; one discusses the theory of long pe riod, ballistic galvano- 
meters; and one is a study of the “effect of leakage at the edges upon 


the temperatures within a homogeneous lamina through which heat 1s 
being conducted.’’ All the others are studies relating to magnetism 
and electromagnetism. These thirteen papers giving careful description 
of the materials studied and the methods used, illustrated by graphs 
teel and 


showing the magnetic properties of various kinds of iron and s 
curves of permeability, reluctivity, hysteresis, and current characteris : 
constitute a valuable collection for the student of magnetism. Even 
the student who has little mathematical ability will enjoy such papers 


tics 


as No. X. “On the Magnetic Behavior of Hardened Cast Iron, and of 

Certain Tool Steels at High Excitations,’’ and several others in the list. 
This splendid volume should serve as a model for future collections 

of the reports of the investigations of our great scientists. G. W. W. 





